Projected 1985 impacts of alternative inland waterway user fees on corn, soybean, and wheat transport by Hauser, Robert J.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1982
Projected 1985 impacts of alternative inland
waterway user fees on corn, soybean, and wheat
transport
Robert J. Hauser
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural and Resource Economics Commons, and the Agricultural Economics
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Hauser, Robert J., "Projected 1985 impacts of alternative inland waterway user fees on corn, soybean, and wheat transport " (1982).
Retrospective Theses and Dissertations. 8349.
https://lib.dr.iastate.edu/rtd/8349
INFORMATION TO USERS 
This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 
The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 
2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 
4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 
Universi^  
Micionlms 
International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 

8307752 
Hauser, Robert J. 
PROJECTED 1985 IMPACTS OF ALTERNATIVE INLAND WATERWAY 
USER FEES ON CORN, SOYBEAN, AND WHEAT TRANSPORT 
Iowa State University PHJD. 1982 
University 
Microfilms 
Intsrnstionsi 300N.ZeebRoaa.AnnAibor.MI48106 

PLEASE NOTE: 
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 
1. Gl ossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages \/^ 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curling and wrinkled pages 
15. Other 
University 
Microfilms 
International 

Projected 1985 impacts of alternative inland 
waterway user fees on corn, soybean, 
and wheat transport 
by 
Robert J. Hauser 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Economics 
Major: Agricultural Economics 
Approved : 
In Charge"^of Major V/ork 
the Major Department
For the Grai^ate College
Iowa State University 
Ames, Iowa 
1982 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
li 
TABLE OF CONTENTS 
Page 
CHAPTER I. INTRODUCTION 1 
Waterway Development 1 
Grain Transport on U.S. Waterways 3 
National Transportation Policy 6 
Objectives and General Method of Study 8 
CHAPTER II. CROP TRANSPORT MODELS IN A LINEAR 
PROGRAMMING FRAMEWORK 11 
Development of Linear Programming 11 
Application of Linear Programming to Spatial 
Equilibrium Problems 14 
CHAPTER III. MODEL OF STUDY 30 
Mathematical and Verbal Description 30 
Pictorial Description 48 
CHAPTER IV. DATA 54 
Costs 54 
Crop Quantities 85 
Regional Rail-Car-Days 110 
Export Rail-Car-Days 111 
Rail-Car Turn-Around-Times 117 
Barge-Days and Barge Turn-Around-Times 119 
Port Capacities 120 
Lock and Dam 26 121 
Inventory 121 
iii 
CHAPTER V. RESULTS 125 
Activity Levels 125 
Costs and Revenues 144 
Elasticities 155 
Constraint Implications 162 
CHAPTER VI. EFFICIENCY, EQUITY, AND POLITICAL 
CONSIDERATIONS 171 
Efficiency 171 
Other Issues l82 
CHAPTER VII. CONCLUSION 188 
Summary of Results 188 
Needed Work 192 
LIST OF REFERENCES 197 
ACKNOWLEDGEMENTS 205 
APPENDIX A. CRD MAP AND SUPPLY/DEMAND PROJECTIONS 
BY CRD 206 
APPENDIX B. ACTIVITY LEVELS AGGREGATED ACROSS TIME 
PERIODS AND CRD SUBDIVISIONS BY SOLUTION 234 
iv 
LIST OF FIGURES 
Figure 1. Flow diagram of transportation model 
development 
Figure 2. Competitive reaction within a constant 
cost Industry 
Figure 3. Supply-type function of rail shipments 
caused by ROD constraints 
Figure 4. Tradeoff between 75-car shipments to 
New Orleans and Chicago 
Figure 5. Hypothetical barge shipment demands facing 
barge lines on the Upper Mississippi and 
Arkansas Rivers 
Figure 6. Impact of increasing barge rates on demand 
facing railroads and welfare 
Page 
15 
38 
45 
45 
l6l 
175 
V 
LIST OP MAPS 
Page 
Map 1. Primary inland waterway system for export-
bound barge grain shipments 4 
Map 2. Production regions of Pedeler, Heady, 
and Koo 21 
Map 3. Demand regions of Pedeler, Heady, and 
Koo 22 
Map 4. Supply and demand regions of Leath and 
Blakely 23 
Map 5- Production regions of Taylor, Blokland, 
Swanson, and Prohberg 25 
Map 6. Consuming regions of Taylor, Blokland, 
Swanson, and Prohberg 25 
Map 7- Corn supply and demand regions 32 
Map 8. Soybean supply and demand regions 33 
Map 9. Wheat supply and demand regions 34 
Map 10. Representative inland waterway and coastal 
points for barge and ship rate estimation 36 
Map 11. Competitive advantage areas within Iowa of 
truck-barge and 25-car rail shipments to 
Gulf ports by tax scenario 80 
Map 12. Competitive advantage areas within Iowa of 
truck-barge and 75-car rail shipments to 
Gulf ports by tax scenario 80 
Map 13. Competitive advantage areas within Minnesota 
of truck-barge and 25-car rail shipments to 
Gulf ports by tax scenario 8l 
Map 14. Competitive advantage areas within Minnesota 
of truck-barge and 75-car rail shipments to 
Gulf ports by tax scenario 8l 
Map 15. Competitive advantage areas within Illinois 
of truck-barge and 125-car rail shipments to 
Gulf ports by tax scenario 82 
vi 
Map 16. Ip^ values by region in million bushels 124 
Map 17. Shadow prices of inventory constraints 
of the base solution in cents per bushel 170 
Map Al. CRD regions by state 207 
vli 
LIST OF TABLES 
Table 1. 
Table 2. 
Table 3. 
Table 4. 
Table 5. 
Table 6. 
Table 7. 
Table 8. 
Table 9. 
Table 10. 
Table 11. 
Table 12. 
Table 13. 
Total U.S. grain exports and grain barge 
loadings in billions of bushels, 1973-1981 
Pictorial example of model structure 
Annual truck cost components by item in 
dollars, 198O 
Average hourly wage rates and license fees 
in dollars and regression coefficients 
used to determine truck rates by state 
Rail freight tariffs and rate books used 
to obtain rail rates 
Select rail and rail-barge transport rates 
for corn to port areas by originating re­
gion and shipment size in cents per bushel 
Select rail and rail-barge transport rates 
for soybeans to port areas by originating 
region and shipment size in cents per 
bushel 
Select rail and rail-barge transport rates 
for wheat to port areas by originating re­
gion and shipment size in cents per bushel 
Railroad rate responses by state, CRD, and 
destination in cents per bushel of corn 
Barge rates by river, origin point, and 
type of rate in cents per bushel of corn 
Estimated 1985 segment-specific tax rates 
in cents per ton-mile 
Projected increases rck r*5ït".P< lue to 
user taxes by river, origin point, and 
type of tax in cents per bushel of corn 
Ocean-going vessel rates by destination 
and port area in cents per bushel of corn 
Page 
5 
49 
55 
58 
62  
65 
67 
69 
71 
75 
76 
78 
84 
viii 
Table 14. Consumption of selected corn products 
pounds per capita, 1960-1977 87 
Table 15. Projected 1985 corn utilization for 
industrial processing by product in mil­
lions of bushels 91 
Table 16. City or region proportions that are used 
for exogenous transportation flows by 
location and type of wheat 95 
Table 17. Estimated wheat for processing outside 
supply regions by type of wheat and state 
in millions of bushels 95 
Table l8. Estimated 1978 subdivision proportions of 
CRD crop production by CRD, type of division, 
and crop 98 
Table 19. Projected percentages of 1985 U.S. grain 
exports to destination areas by crop 109 
Table 20. Projected 1985 U.S. exports of grain to 
destination areas in millions of bushels 110 
Table 21. Maximum rail-car loading capacity per 
facility and number of facilities by state, 
CRD, and subdivision 112 
Table 22. Procedure for projecting the number of 
rail covered-hopper-cars available for 
corn, wheat, and soybean haulage 117 
Table 23. Projected rail turn-around-times from 
selected major grain producing regions to 
export area by size of shipment in days 119 
Table 24. Projected contract- and spot-barge-days 
available by period 120 
Table 25. Grain receiving rates by port area and 
mode in one thousand bushels per hour 122 
Table 26. Annual barge shipments of grain by river 
in millions of bushels, 1977-1981 126 
Table 27. Average 1977-1981 and projected 1985 barge 
shipments of corn by river and solution 
in thousands of bushels 128 
ix 
Table 28. 
Table 29. 
Table 30. 
Table 31. 
Table 32. 
Table 33. 
Table 34. 
Table 35. 
Table 36. 
Table 37. 
Table 38. 
Table 39. 
Table 40. 
Average 1977-1981 and projected 1985 barge 
shipments of soybeans by river and solution 
in thousands of bushels 130 
Average 1977-1981 and projected 1985 barge 
shipments of wheat by river and solution 
in thousands of bushels 132 
Projected grain shipments to export ports 
by transport mode in millions of bushels 136 
Projected 1985 percent of export grain by 
mode, crop, and solution 137 
Projected 1985 millions of bushels and 
percent of corn, wheat, and soybeans di­
verted from barge shipments by state and 
solution 139 
Average 1979-1980 and projected 1985 per­
cent of corn, wheat, and soybean exports 
by port area and solution 143 
Projected 1985 total grain transport and 
handling costs and waterway user tax 
revenue by solution in millions of dollars 145 
Projected 1985 total and per bushel user 
tax revenue by solution in dollars l46 
Projected average per bushel cost of 
transportation by transport mode and solu­
tion in cents 148 
Projected revenues of export-bound grain 
haulage by transport mode and solution in 
millions of dollars 150 
Projected tax revenue by solution and grain-
originating state in millions of dollars 152 
Slope and elasticity estimates derived in 
the change from base solution to the fuel 
and segment-tax solution by river segment 159 
Tons of corn, wheat, and soybeans that 
traverse Lock and Dam 26, percent of 
capacity, and shadow price by solution and 
period 163 
X 
Table 41, Rail-car requirements for export shipments 
of corn, wheat, and soybeans 164 
Table 42. Rail-car days and shadow prices in dollars 
by state and CRD l65 
Table 43. Projected 1985 corn, wheat, and soybean 
barge shipments by solution and river in 
thousands of bushels l89 
Table 44. Projected 1985 percent of total barge ship­
ments and percent of user taxes paid by 
state 191 
Table 45. Projected 1985 corn, wheat, and soybean 
shipments to export ports by mode in mil­
lions of bushels for base solution and 
percentage change from base solution for 
selected tax solutions 192 
Table A1. 1984/85 projections of corn production, 
seed, feed, and processing by region or 
city in 1000 bushels 208 
Table A2. 1984/85 projections of wheat production, 
seed, feed, and processing by region or 
city in 1000 bushels 217 
Table A3. 1984/85 projections of soybean production, 
seed, and processing by region or city in 
1000 bushels 226 
Tab]e Bl. Projected 1985 grain flows by crop, ori­
ginating state and CRD, destination, 
transport mode, and solution in millions 
of bushels 235 
1 
CHAPTER I. INTRODUCTION 
Waterway Development 
Development of the U.S. inland waterway system for 
navigation has been primarily in the form of federal public 
projects that are financed by general tax revenues. Article 
IV of the Ordinance of 1787 states [28, p. 6], "The navigable 
waters leading into the Mississippi and St. Lawrence, and 
the carrying places between the same, shall be common high­
ways and forever free . . . without any tax, impost, or duty 
therefor." Article IV provided the cornerstone of federal 
legislation that has, until recently, established a policy 
of "free" use of the waterway system. 
Federal appropriations for river and harbor improvements 
began in 1824. The effectiveness of the federal programs 
during the subsequent 15 years was mitigated by conflicting 
programs of individual states and local communities. The 
federal programs were based on the policy of free use whereas 
the local and state programs were usually implemented through 
private companies that charged tolls to users of the improved 
waterway system- In 1837, the national program virtually 
collapsed. In l840, the rate of default on state loans was 
very high and it became nearly impossible for states to sell 
their bonds or pledge them for loans [28, p. 16-21]. 
The federal government's involvement in the transporta­
tion system from l840 to l880 was primarily in the form of 
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land grants to railroad companies. During this period, more 
than 116 million acres were authorized for distribution to 
various railroads [28, p. 22]. 
Accompanying the rail industry's prominence and growth 
in the latter half of the nineteenth century were complaints 
from oil concerns, farmers, and other businessmen concerning 
railroad predatory pricing and kickback schemes. During the 
1870s, the Granger farm organization throughout Minnesota, 
Iowa, Illinois, Wisconsin, and Indiana developed state stat­
utes that became known as the Granger Laws. The purposes of 
these laws were generally to 1) establish maximum rates, 2) 
prohibit regional discrimination, and 3) prohibit mergers of 
competing lines [42, p. 225]. The Interstate Commerce Act of 
1887 provided the means for federal government regulation. 
Five of the seven sections of the act dealt with setting 
compliances for common carrier railroads and water shipments 
which were in conjunction with railroad haulage. The rate 
stipulations called for "reasonable" rates; no personal dis­
crimination; carriers to provide joint rates; rates to be 
positively correlated with distance, ceteris paribus; and 
for rates to be published and filed with the Interstate 
Commerce Commission (ICC) [42, p. 228-230]. 
The general feeling that railroads had failed to meet 
their responsibility to the nation and that the waterway 
system of the nation had been unduly neglected was the 
stimulus for the Rivers and Harbors Appropriation Bills of 
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1882 and 1884 which appropriated funds for further waterway 
improvement programs [28, p. 24-25]. 
Although federal programs for waterway improvements 
began in the l800s, the navigability of the present river sys­
tem is due primarily to federal projects that were developed 
during the 1930s, Much work was done on the river system 
in an attempt to develop effective public work programs that 
would stimulate the national economy and reduce unemployment. 
Grain Transport on U.S. Waterways 
The major improvements to the waterway system occurred 
during the 1930s but use of this system for grain transport 
did not become significant until the last two decades. In 
i960, about 1100 covered-hopper-barges existed for grain 
haulage. The number of barges increased to approximately 3^00 
by 1970 and, in 1978, there were over 9600 barges available 
to haul grain on the inland waterway system [35, p. 15]. 
In terms of grain haulage, the river system has provided 
a means for large amounts of grain to be transported to 
export ports. Map 1 displays the primary river segments 
that are used for export-bound barge shipments. The Mississip­
pi River and its tributaries are roadways to the Gulf of 
Mexico; the Columbia/Snake river system leads to Northwest 
Coast ports. 
Table 1 illustrates the dramatic growth in barge grain 
shipments that has taken place on the rivers during the past 
Upper 
Miss. 
Missouri 
"Illinois 
Ohio 
Lower Miss 
Arkanoa: 
Map 1. Primary inland waterway system for export-bound barge grain shipments 
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decade. Barge loadings have almost doubled since 1973 and 
the loadings have generally been around 40 percent of total 
grain exports since 1975. 
Table 1. Total U.S. grain exports and grain barge loadings 
in billions of bushels, 1973-1981 
Year Total grain 
exports®-
Total barge 
loadings® 
Barge loadings as a 
percent of grain 
exports 
1973 3.5 1.0 28.6 
1974 2.9 1.0 34.5 
1975 3.2 1.2 37.5 
1976 3.6 1.6 44.4 
1977 3.4 1.5 44.0 
1978 4.3 1.6 37.2 
1979 4.6 1.6 35.5 
1980 5.0 1.9 38.0 
1981 5.0 1.95 39.0 
^Source: [55]-
Government regulation of barge transportation has been 
minimal when compared to other transport modes. The primary 
reason for this lack of intervention is that bulk goods 
hauled by barges are exempt from regulation when there are 
three or less categories of goods per tow (Section 303(b) of 
the Interstate Commerce Act). Yet the whole transport in­
dustry has been a topic of extensive legislation. 
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National Transportation Policy 
The National Transportation Policy (49 USC 10101): 
"To ensure the development, coordination and preservation of 
a transportation system that meets the transportation needs 
of the United States ... it is the policy of the United 
States Government to provide for the impartial regulation of 
the modes of transportations subject to this subtitle, and in 
regulating those modes -
(1) to recognize and preserve the inherent 
advantage of each mode of transportation; 
(2) to promote safe, adequate, economical, and 
efficient transportation; 
(3) to encourage sound economic conditions in 
conditions among carriers ; 
(4) to encourage the establishment and maintenance 
of reasonable rates for transportation without 
unreasonable discrimination or unfair or 
destructive competitive practices." 
The transportation industry has generally been under 
rigorous scrutiny by the federal government. Dempsey [17] 
outlines nine reasons in favor of transport regulation as 
1) small communities need protection in terms of continued 
service and price discrimination, 2) price discrimination in 
general should be avoided, 3) price stability is attainable, 
4) liability standards need enforcement, 5) safety regulations 
must be set, 6) the natural monopoly environment of various 
modes can be exploited by the consumer, 7) energy consumption 
can be reduced, 8) national defense can be enhanced, and 9) 
the regulatory system has proven worthwhile, therefore it 
should not be changed. In contrast, Moore [37] argues that 
the regulatory practices have been very costly because 1) many 
resources are exhausted in complying with and providing the 
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regulations, 2) costs, within each mode, are increased, 3) a 
misallocation of traffic among modes occurs, 4) the misalloca-
tion of resources within the transport industry causes dis­
tortions and misallocations outside the transport industry, 
5) there is a deadweight loss to the economy due to artifi­
cially high transport rates, and 6) dynamic costs, such as 
mitigated research and development, are perpetrated by the 
regulatory practices. 
Regardless of whether benefits have outweighed costs, 
transportation regulation has been prevalent during the past 
century. Not only has the regulation been widespread but 
the sources of regulation have been numerous. The National 
Transportation Policy Study Commission [41, p. 27-28] identi­
fied 64 federal agencies which implement approximately 1000 
policies and programs and 30 congressional committees "as having 
jurisdictions which affect the supply and demand for trans­
portation services." 
The objectives of past transport policies have often been 
inconsistent and nebulous. Friedlaender [22] expresses three 
strong objectives—fairness or equity toward transportation 
users; protection of rural areas; and industry stability 
accomplished primarily through price stability—and recognizes 
efficiency goals as low priority. Hazard [26] believes that 
efficiency objectives have been very important and points to 
other goals such as safety, low cost transport systems, and 
a clean environment as the other main objectives. 
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This study examines a significant change in federal 
policy toward waterway users. Some implications of this new 
policy that government officials might consider are presented 
in Chapter VI but, as indicated above, there may not be 
clear economic, equity, or political criteria that can be 
used for decision-making. 
Objectives and General Method of Study 
The Inland Waterway Revenue Act (Public Law 95-502) of 
1978 represents a major breach of the traditional waterway 
policy by establishing a barge-fuel tax to finance part of 
the operation, maintenance, and new construction costs 
associated with the waterway system. A tax of four cents 
per gallon began in October 1980. The tax is currently six 
cents per gallon and will increase to 10 cents by 1985. 
The Reagan Administration has expressed a desire to in­
crease waterway user charges to levels that are above the cur­
rent tax schedule to enable full recovery of the operating, 
maintaining, repairing, and new construction costs that are 
associated with inland waterway navigation. 
In addition to establishing a barge-fuel tax. Section 
205 of the Inland Waterway Revenue Act requests further study 
of waterway user charge effects—providing the impetus of 
this study. 
The general purpose of this study is to project the 
impacts of various waterway user charge schemes on transport 
modal shares and revenues, relationships between grain origins 
and destinations, tax revenue generation, and transport costs 
of corn, wheat, and soybean haulage in 1985. 
The specific objective of the study is to project and 
examine the impacts of various waterway user charge scenarios 
in terms of: 
1. changes in the volume of barge shipments by 
river segment and by crop; 
2. changes in the volume of barge shipments by 
state; 
3. changes in the volume of all transport modal 
haulage to export ports by mode; 
4. changes in total user charge revenues; 
5. changes in user charge revenues by river seg­
ment and by state; and 
6. changes in the total costs and total revenues 
of transporting grain by mode. 
A linear programming model that specifies alternative 
transport mode, crop, origin, destination, and time period 
combinations is developed. A model solution is that com­
bination which minimizes the total annual cost of transporting 
grain from U.S. grain-surplus regions to domestic and foreign 
grain-deficit regions. Six 1985 scenarios are analyzed: 
•A base scenario that incorporates no river 
user charges in the transport system. 
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•A scenario that modifies the barge-rate 
structure to reflect a 32.4 cents per 
gallon fuel tax. 
•A scenario that imposes a river specific 
user charge (segment tax). 
•A scenario with a taxing scheme that combines 
a fuel tax and a segment tax. 
•A scenario that assumes that railroads will 
increase their port-bound rates, in reaction 
to barge rate increases, by a proportion of 
a segment tax effect on barge rates. 
•A scenario that increases the proportional 
change in the rail rate reaction described 
above. 
The impacts of various user charges are estimated by examin­
ing the differences in model solutions caused by changing 
the scenario. 
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CHAPTER II. CROP TRANSPORT MODELS IN A LINEAR 
PROGRAMMING FRAMEWORK 
Development of Linear Programming 
The purpose of any linear programming (L.P.) model is to 
either maximize or minimize the value of an objective function, 
subject to a set of constraint equations. The general L.P. 
problem can be stated as: Maximize (or minimize) 
n 
I C X. (1.1) j=l J 
subject to 
n 
S a. X. < SURP (1.2) j=l J ^ 
n 
Z a.. X. > DEP. (1.3) 
j=l ^ ^ 
n 
Z a,, X, = RHS. (1.4) j=l J ^ 
Xj > 0. (1.5) 
Equation 1.1 is the objective function; equations 1.2 - 1.5 are 
constraint equations. C., à.., SURP., DEP., and RHS. values J ij i' i' 1 
are determined exogenously. X^ values are determined such that 
the objective function is maximized (or minimized) and the 
constraint equations hold. 
Kantorovich [31] developed an algorithm to solve L.P. 
problems in 1939- In 1941, Hitchcock [27] presented the trans­
portation problem as an area in which the L.P. method could be 
applied. 
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Most 'transportation models^ are such that 1) each X^. rep­
resents the amount of commodity which is transported from a 
particular origin to a particular destination, 2) the trans­
port cost of moving one unit of X. is equal to C., and 3) the 
objective function value (total cost of transportation) is 
minimized in order to find the optimal feasible solution. If 
equations 1.3 and 1.4 are not specified, the solution is ap­
parent—all Xj values are equal to zero, implying that no trans­
portation transpires and that the total transportation cost 
(objective function value) is equal to zero. Therefore, the 
force which drives the model is given when equation 1.3 or 1.4 
is specified. Normally, this impetus is in the form of equa­
tion 1.3,where DEF^ specify the quantities that must be trans­
ported to various destinations. Since DEF^ and a^. values are 
greater than zero, X^ values must also be greater than zero. 
There are also limitations imposed on the amount of commodity 
that can be transported out of a region. These limitations are 
represented by SURP^ and are equal to the commodity surplus 
available for transport from surplus regions. 
Many combinations of X^ values will yield a solution where 
the constraint conditions are met; these solutions are defined 
as feasible solutions. Of these feasible solutions, there is 
at least one solution that minimizes the total value of the 
objective function; this solution is defined as the optimal 
^This and subsequent references to "transportation models" 
refer to the subset of transportation models that utilize the 
linear programming method. 
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feasible solution. 
The theory of linear programming is based on five assump­
tions: divisibility J proportionality, independence, finiteness, 
and linearty. The divisibility assumption concerning the X^. 
variable implies that the solution may consist of portions of 
the defined unit of X., i.e., if X. is defined in units of 
100,000 tons, the particular optimal value of, say X^, may be 
any factor of that unit; it could be 1 ton (.00001 of one unit) 
or it could be 200,000 tons (2 units). The proportionality as­
sumption implies that the a^^ values do not change. Independ­
ence means that the value of a particular X^ is not conditional 
on the value of any other X^. The number of X^ specifications 
in the model must be finite and the objective function must be 
linear^ in X. 
A milestone of L.P. development occurred when Danzig [l4] 
developed a systematic iterative technique—the simplex method— 
of solving L.P. structures. The U.S. Air Force was one of the 
first organizations to apply Danzig's work by developing a pro­
gram to help coordinate the Berlin airlift of 1948/49 [25, 
p. 15]. The development of high-speed digital computers has 
enhanced the efficiency of solving L.P. problems to the point 
that, today, L.P. is one of the most commonly used research 
techniques of scientists of many professions. 
2 Linear programming's name is derived from this linearty 
assumption and the fact that programming connotates planning. 
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Application of Linear Programming to Spatial 
Equilibrium Problems 
The purpose of this section is to discuss and exemplify 
various theoretical assumptions, analysis objectives, and 
model definitions that have been associated with linear pro­
gramming spatial equilibrium models of the U.S. crop sector. 
Development of transportation models is flow diagrammed in 
Figure 1 as entailing two general types of model inputs—those 
inputs that are associated with transport activities versus 
model inputs associated with non-transport activities. The 
following two sections briefly review aspects of cost co­
efficients and regional, temporal, and crop definitions of the 
transport activities; non-transport aspects are examined in 
the last section. 
Transport cost coefficients 
Two common objectives in estimating the transport cost 
component of an activity's cost coefficient have been to 1) 
estimate the resource cost to the carrier or 2) estimate a 
market rate to be, or which has been, agreed upon between 
shipper and carrier. 
Estimation of motor carrier costs is usually based on an 
economic/engineering technique. Cassavant and Nelson [9 J, 
Fedeler, Heady, and Koo [21], Narigon [39], and Schnake and 
Franzman [46] estimate several components of variable and fixed 
trucking costs that are associated with grain haulage. Fixed 
costs include truck depreciation and interest, license fees. 
Transport activities Non-transport activities 
Rail Truck Barge Ship Modal 
combinations Production Processing Storage 
Other 
non-transport 
activities 
\x 
Choice between selecting least-cost 
modes or a constraining procedure 
Constraints 
on least-
cost activ­
ities 
Select least-
cost mode by 
route, crop, 
and time 
Transport 
activity 
constraints 
Algorithm 
Non-transport 
activity 
constraints 
Jj/ 
H U1 
Solution 
Analysis 
and 
presentation 
Figure 1. Flow diagram of transportation model development 
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and insurance; variable costs are based on fuel, oil, tire 
wear, and other factors. Cost information for these costing 
formulas are based mostly on data supplied by shippers and 
truck dealerships. 
Barge costing has generally been estimated in a similar 
fashion. Fixed and variable cost formulations, based on in­
dustry data, are developed in an engineering framework. Bau-
mel. Miller, and Drinka [5], Fedeler et al. and Schnake 
and Franzman illustrate three examples of this type of barge 
cost estimation. 
Since barged grain is usually exempt from regulation, the 
rates that are agreed upon between shipper and carrier are 
generally private agreements. Therefore, estimation of these 
rates rely mostly on consultations with the contractual parties 
involved. 
Deriving rail costs in an engineering framework is very 
complex. Input-output relationships of rail service may vary 
largely by firm, geographical area, rail-line segment, and 
other factors which require specific disaggregation. A de­
tailed discussion of such problems is presented by TOPS On­
line Services, Inc. [52]. 
Rail costing methods for linear programming crop transport 
models have been based mostly on ICC accounting data. The rail 
cost program of Baumel et al. modify the costs that are pub­
lished in the ICC "Rail Carload Cost Scales" (ICC Scale) series 
[8l]. The variable and fixed costs of the ICC Scale are de-
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fined as applying to one of seven cost territories. The re­
gional costs represent averages across many different types 
of firms, services, and other factors within the region. 
Baumel et al. attempt to adjust these costs to reflect con­
ditions of serving Iowa grain elevators in 197^. 
In a competitive environment, market rates may move to­
ward production costs after ample time for adjustments. A 
"competitive environment," defined by a large number of small 
firms such that each firm faces a very elastic demand, is a 
plausible description of the barge and truck agricultural-com­
modity transport industries. There exists a large number of 
small truck and barge firms. An individual firm cannot set its 
service price very far above costs without a large decrease in 
quantity demanded. 
Railroad firms are not always in such an environment al­
though one must be cautious when analyzing the competitiveness 
of the rail industry per se because the truck and barge sectors 
of the transport industry offer transport alternatives. None­
theless, the rail transport cost structure of many origin, 
destination, and commodity combinations is a good example of 
natural monopoly conditions. In some cases, the competitive 
structure may be a good reason to not trust a cost function ap­
proach but there is another, more political, reason that pre­
cludes the use of cost functions as a good price estimation 
technique. Ratemaking regulations of the rail industry has 
been rigorous. The regulation's ratemaking consequences differ 
18 
by ICC freight bureau regions, other regional definitions, rail 
companies, and commodities. 
The ICC conducted a railroad rate structure study under 
court order Ex Parte No. 270 (Sub-No. 9) and reported [79, p. 
3021], "A comparison of cost and revenue data on movements intro­
duced into evidence in this proceeding discloses that, overall, 
charges range widely in relation to the cost of providing the 
service Involved . . . the data undeniably discloses the con­
tinued presence of substantial cross-subsidization within the 
grain rate structure." The rail cost approach may have serious 
weaknesses if the objective is to reflect representative prices 
that will be or have been determined in the rail market. 
Market rate estimation has been used in determining cost 
coefficients of rail shipments. Binkley, Havlicek, and Shab-
man [8], Judge and Hieronymous [29], and Koo [33] develop 
market rate functions which use independent variables that 
include distance traveled, size of shipment, and regional dum­
my variables to reflect competition and regional ratemaking 
peculiarities. As well as enabling rate estimation, the ex­
planatory variables provide explicit means to adjust rates due 
to predicted changes in factors such as regulation, commodity 
production density, or competition. 
Another way to represent market rate structures is to 
specify conditions for selecting actual rates—based on such 
factors as volume specification or the lowest rate offered. 
Leath and Blakely [36] and Narigon choose rail rates for their 
19 
models that meet these type of specifications. 
Although truck, barge, and rail transport modes have been 
extensively represented in U.S. crop sector models, ocean-going-
vessel (ship) haulage has usually not been modeled. Of the 
literature cited thus far, only Binkley et al. use ship activ­
ities. Binkley uses published market rates for ship cost co­
efficients. Conley [11] uses a ship cost function that is 
based primarily on the work of Cayemberg [10] and Davis [16]. 
Whether the transport cost coefficients are based on cost 
estimation, rate relationships, or selected market rates, classi­
fication decisions must be made. For example, corn can be 
hauled in wagons, tandem-axle trucks, or tractor-trailers; rail 
shipments can vary in car volume, rail cars per shipment, num­
ber of shipments, and other types of classifications; barge tows 
can vary in barges per tow and contractual agreements; ocean­
going-vessel carrying capacity can vary from approximately 
10,000 to 100,000 tons under various flags and contractual pro­
visions . 
Given an origin, destination, and a particular modal def­
inition, a single cost coefficient for an L.P. model is deter­
mined. The single coefficient is either based on a particular 
specification within a classification—such as a single-car, 
180,000 pound rail rate—or it is based on a combination of 
specifications within a classification, such as a weighted 
average ship rate that has weights that are based on carrying 
capacity. The point is that a single coefficient is used but 
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there is a large set of coefficients from which to choose. 
Stochastic programming would be one means of avoiding the 
use of a single coefficient if data were available to indicate 
the flow distribution between the different types of rate spec­
ification; volume constraints per rate classification could be 
incorporated in a linear programming model to avoid the single 
coefficient problem also. The model that is discussed in sub­
sequent chapters utilizes the constraint approach for rail and 
barge activities. 
Assessing "reliable" transport cost coefficients for an 
individual mode is not an easy task. Estimation biases may 
exist due to sampling or functional form specification. To 
possibly make the best of a bad situation for transportation 
models, it is desirable to have these biases consistently in 
one direction and of the same magnitude across modes. Given 
a pure transportation model, the addition of a constant to 
all transport cost coefficients will not change the optimal 
basic feasible solution although the value of the objective 
function will change [34, p. 42]. 
Regional, temporal, and crop definitions 
Regions Supply and demand quantities, transport cost 
coefficients, and other model inputs must have respective geo­
graphic delineations. Fedeler et al. [21] defined 152 production 
regions and 73 demand regions for the 48 contiguous states— 
displayed by Map 2 and Map 3- Map 4 shows the 42 regions de­
marcated by Leath and Blakely. Taylor, Blokland, Swanson, and 
tM 
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Map 2. Production regions of Fecleler, Heady, and Koo [21, p. 40] 
Map 3. Demand regions of Fedeler, Heady, and Koo [21, p. 'II] 
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Map 4. Supply and demand regions of Leath and Blakely 
[36, p. 12] 
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Frohberg [50] delineated the 137 producing and 21 consuming 
regions that are shown in Map 5 and Map S, respectively. These 
few cases exemplify the large differences in terms of size and 
number of regions that have been defined for national transpor­
tation models of the crop sector. 
Factors that may influence the size of these regions in­
clude 1) regional production and demand densities, 2) transport 
cost relationships between regions, 3) the objective of the 
study, and 4) the tradeoff between research resources that are 
needed to increase the number of regions and the reliability of 
the model. 
As production increases in a particular region, holding 
consumption constant, the amount of grain available for trans­
port increases hence the relative importance of this region— 
in terms of originating grain, serving various markets, and 
total transportation cost—increases. An analagous argument 
holds for deficit regions. 
The transport cost structure may also influence regional 
definitions. Since only one cost coefficient per transport 
activity can be specified, this coefficient should be "rea­
sonable" for any set of origin-destination points that can be 
defined from the respective origin-destination regions. The 
size of the region areas that allows "reasonableness" depends 
on the distance between the regions, mode, where the regions 
are located (i.e., cornbelt, great plains, etc.), and other 
factors. 
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Map 5. Production regions of Taylor, Blokland, Swanson, and 
Frohberg [50, p. 3]. 
W I'-W >y 
c- \ 
XiT 
Map 6. Consuming regions of Taylor, Blokland, Swanson, and 
Frohberg [50, p. 4]. 
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As the need to decrease the size of the delineated supply 
and demand regions becomes more important, the number of equa­
tions and variables of the model increases—increasing the cost 
of assemblying, finding an optimal solution, and reporting. 
The estimated increases in cost must be compared with the po­
tential reduction in model estimation errors in order to as­
sess the desirability of various region sizes. A major factor 
in making this assessment concerns the objective of the study. 
For instance, this study concerns the effect of waterway user 
charges. The amount of grain from a particular region that is 
transported to river points for further transportation depends, 
in part, on the cost of moving the grain to the river points. 
Relatively small regions close to the river are needed in order 
to reduce the error caused by too much grain being available 
for transport under a representative rate. 
Time periods There are various seasonal aspects that 
may influence the number of time periods or seasons that are 
designated for a transportation model. 
Transport availability has seasonal patterns. The most 
obvious physical seasonal characteristic of the transport sys­
tem is caused by freezing temperatures. The Upper Mississippi 
River, Missouri River, and Great Lakes are unnavigable during 
the winter months. Other seasonal patterns within modes in­
clude the heavy rail-car utilization during the summer in the 
southwest wheat belt and barge loadings on navigable rivers 
during the winter period. 
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Transport rates may vary due to seasonal supply and demand 
characteristics. Demand sensitive rail rates (now illegal) were 
used primarily to reflect the large demand of rail-car-utiliza-
tion during harvest periods. Spot barge rates vary by period 
due to changing supply and demand conditions. 
Grain demands often display seasonal characteristics. 
Livestock feed demand may have a seasonal pattern, furthermore, 
the seasonality probably differs among regions. Even if live­
stock consumption is uniformly distributed throughout the year, 
local supplies of feed may be adequate for a period of time 
following harvest but the local supply may be depleted before 
the next harvest—creating a seasonal demand for non-local 
grain. Grain processing (or grain receipts for processing) 
and export demand may also be seasonal. 
On the grain supply side, the discrete nature of harvest­
ing implies seasonality of grain availability. The harvested 
amount, carryover, and local storage facilities are the physical 
factors that determine the amount of grain available for trans­
port per region. The amount of grain per region that is avail­
able for transport depends on economic factors such as local 
demand, export demand, and regional supplies. It is usually 
assumed that economic factors will cause local demands to be 
satisfied by local supplies thus reducing the number of vari­
ables and equations in the model. 
Most transportation models of the U.S. crop sector have 
relied on one or two intra-year time periods (although Leath 
28 
and Blakely use four). 
Crops The crops that are defined are related closely 
to the problem definition. The amount of emphasis on such 
things as market destinations, originating areas, total trans­
port requirements, intermediate or final processing, and other 
factors plays a large role in determing what and how crops are 
defined. Fedeler et al. incorporate wheat, soybeans, cotton­
seed, corn, oats, barley, and grain sorghum. Wheat, soybeans, 
and cotton are defined as separate commodities; the remaining 
crops are grouped as feedgrain on the basis of their respective 
nutritive values. Leath and Blakely define hard wheat, soft 
wheat, durum wheat, feedgrain, and soybeans as crops; Taylor 
uses wheat, soybeans, cotton, corn, oats, barley, rye, and 
grain sorghum; Judge and Hieronymous examine only the corn 
sector. 
Non-transport activities and constraints 
Many transportation models have been built in somewhat 
of a residual manner, i.e., the models are revised versions of 
•3 
locational or allocational linear programming models that 
emphasized non-transport problems. The Fedeler et al. model, 
in variant forms, has been used during the past 26 years to 
examine such things as least-cost production, farm income, 
soil loss, irrigation, and many other aspects of U.S. agri-
^Locational models are defined here as models that solve 
for optimal facility or plant location whereas allocational 
models refer to models that incorporate existing facilities 
and find optimal solutions based on these facilities. 
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culture on a nationwide basis. The Taylor et al. model has 
been used extensively to look at various environmental ques­
tions such as non-point pollution and pest control methods. 
The Leath and Blakely model determines the optimal level of 
regional storage. 
Transport costs can be included with the other type of 
costs to be minimized, such as processing activities, or the 
non-transport activities can be held constant while solving 
solely for the optimal level of transportation activities. If 
one is to develop a reliable spatial equilibrium model, an 
obvious issue concerns the relationships that exist between 
transport and non-transport optimal activity levels. For ex­
ample, do transport costs affect the least-cost pattern of crop 
production levels; do production costs influence the least-cost 
transport flow pattern? The answers to these two questions may 
vary by region and may be comprised of any one of the four 
combinatorial sets of 'yes' or 'no.' Processing, storage, and 
other intermediate activities, when solved for in a optimal 
spatial equilibrium basis, most likely include transport costs 
in the total costs to be minimized. 
Non-transport activities in the model are often limited 
by the budget constraint of the study's available resources 
but, given sufficient resources, the issue of the tradeoff be­
tween model reliability and additional inputs becomes impor­
tant again. 
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CHAPTER III. MODEL OF STUDY 
Mathematical and Verbal Description 
An interregional L.P. model is developed that solves for 
a combination of transport activities—by mode, crop, origin, 
destination, and intra-year time period—that minimizes the 
annual transport and handling costs of grain haulage to demand 
regions. 
The model is focused generally toward the transport of 
export-bound grain from major producing areas within the con­
tiguous U.S. to foreign destinations. Although some domestic 
demand markets are incorporated endogenously in the model, the 
primary emphasis is in projecting aspects of waterway (hence 
export-bound) haulage to 1985. 
Objective function 
The objective of the model is to minimize total transpor­
tation and handling costs of transporting grain from domestic 
supply regions to domestic and foreign demand areas. The ob­
jective function can be stated as: 
Minimize Z = ZIIZZ X 
codmt codmt codmt 
( 2 )  
wnere 
Z = Total annual grain transportation and 
handling costs in dollars 
X 
codmt = Quantity of crop c that is transported 
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from origin o to destination d by mode m 
in time period t in 100,000 tons 
C^odmt ~ Transport and handling costs of moving 
crop c from origin o to domestic destina­
tion d by mode m in time t in dollars 
Y^eft ~ Quantity of crop c that is transported from 
export port e to foreign demand area f in 
time t in 100,000 tons, e is a subset of d 
C^eft ~ Ocean freight rate for transporting crop 
c from export port e to foreign demand 
area f in time t in dollars 
There are 11,235 variables (transport activities). 
Crops, origins, and destinations Corn, wheat, and soy­
beans are the crops of study. During 1978-1981, these crops 
have been 98.1 to 98.9 percent of annual barge shipments of 
grain [56, 57, 58]. 
There are 218 corn-, 200 soybean-, and 156 wheat-originat­
ing regions. Sixty-seven regions or points serve as domestic-
bound destinations; grain is transported to these destinations 
for feed or processing. The supply regions and domestic 
destinations are demarcated in Maps 7, 8, and 9 for corn, soy­
beans, and wheat, respectively. 
Transport modes and costs Transport modal categories 
are defined as single- or three- or five-, 24- or 25- or 30-, 
50- or 54-, 60- or 65-, 75-, 100-, and 125-car rail shipments; 
single-, three-, five-, 25-, and 50-car rail-barge combinations; 
Corn supply and dema' ,nd Map 
U> 
t>J 
Map 8. Soybean supply and demand regions 
Map 9 • Wheat supply and demand 
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truck; truck-barge; and ocean-going vessel. 
Grain is assumed to originate from inland grain elevators 
(rather than the farm). The cost coefficients for the transport 
activities are estimated on the basis of the transport rate 
structure that shippers faced in I98O. A cost coefficient 
is equal to a representative rate plus, in the case of rail-
barge and truck-barge, an estimated handling charge. 
An individual region may have the opportunity (based on 
1980s marketing structure) to haul grain to export ports or 
barge loading points by single-car or multi-car rail shipments. 
Maximum constraints are placed on multi-car rail activities to 
enable the usage of more than one type of rail activity per 
region. 
Activities which utilize barging are classified as either 
a barge contract arrangement or a spot market agreement. The 
market for barge services is entailed of contract and spot agree­
ments between shipper and barge line. Contract agreements are 
usually established in terms of rate and minimum barge service 
for a one-year period. The transactions for spot agreements 
take place at the St. Louis Merchants Exchange. Bids for immi­
nent short-term barge service are established which reflect the 
current supply and demand conditions. Both spot and contract 
rates of I98O are reflected by constraining the amount of barge 
service per type of agreement. The river segments of study and 
the representative points for barge rate estimation are shown 
in Map 10 (representative export port locations are also shown). 
Map 10. Representative inland waterway and coastal points for barge and ship 
rate estimation 
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Three scenarios are analyzed under the assumption that 
waterway user charges affect only the barge rate portion of the 
transport rate structure. A very important assumption that un­
derlies the procedure in which the transport cost structure is 
changed is that the increase in a barge rate is equal to the re­
spective increase in average total cost due to the user tax. 
In a static analysis, this can be Illustrated by assuming that 
the barge industry is a constant cost industry that is composed 
of many small firms which can begin or terminate operations 
with little costs. This type of competitive environment is 
illustrated by Figure 2. As costs increase, firms exit until 
the industry supply curve shifts from SS to SS'; the resulting 
equilibrium price and quantity are P' and Q', respectively. 
The difference between P' and P is the average cost increase 
that is caused by the tax. 
The issue of how the user charges affect the input and 
output prices of the industries that use the barge service is 
not accounted for, i.e., it is plausible that the ramifications 
caused by the user charges would include lower output (grain) 
prices to farmers, higher input (grain) prices to export ele­
vators, and/or lower margins to inland grain merchandisers. 
An analysis of this issue is presented in Impact of Waterway 
Fees on Illinois Agriculture by Conley and Hill [12] . 
Two scenarios are analyzed which assume that railroad 
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oarge 
service 
Figure 2. Competitive reaction within a constant cost industry 
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companies will increase their rates to Gulf and West Coast 
ports in reaction to the increases in barge rates due to water­
way user charges. 
Time periods Four time periods (t) are used: October-
December (P), January-March (W), April-September (S), and 
April-December (R). 
Most activities are defined with t being W or R. Activi­
ties that represent grain being transported to or from regions 
within southeastern United States are defined in terms of 
period F, W, or S. 
The grain storage capacity of the Southeast is relatively 
small, i.e., grain production has usually exceeded the storage 
capability of the area. The Southeast needs large quantities 
of feed (corn) due principally to a large poultry industry; 
the magnitude of this demand in non-harvest periods depends 
largely on the amount of grain that is transported out of the 
Southeast to export ports during the harvest period (F). Al­
though other areas of the country display physical storage 
shortages, these areas are assigned only R and W because the 
deficit capacity is often on a very local basis and not 
statewide. 
For the most part, this model incorporates two time 
periods—winter and non-winter—to reflect the seasonality 
of water navigation. 
A preliminary model which used four three-month periods 
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was used initially. Because the computer cost of finding the 
optimal basic feasible solution was extremely high and be­
cause of very uneven flows of grain from individual regions 
among time periods, the model was reduced generally to the 
two-period structure. 
Constraints 
Demand^ Minimum demand constraints are defined for 
major domestic markets and foreign regions. The fixed demands 
are defined by crop and time period. 
Dodt 1 ^coamt 
Deft 1 ".2) 
e 
where 
Dcdt ~ Quantity of crop c that must be trans­
ported to domestic destination d in 
time t in 100,000 tons 
- Quantity of crop c that must be trans­
ported to foreign destination f in 
time t in 100,000 tons 
Supply Supply constraints limit the amount of crop 
that can be transported out of a region during the entire year. 
The amount of crop that must be transported out of a region 
during a particular time period is not specified (except in 
The terms "demand" and "supply" should, in the strictest 
sense, be replaced with "quantity demand" and "quantity supply" 
throughout most of this paper. 
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the few cases where inventory constraints apply). 
^coij - ^coijdmt (^-3) 
where 
= The annual surplus of crop c which is 
available for transport from origin o 
in 100,000 tons 
= The annual surplus of crop c which is 
available for transport from origin i 
in 100,000 tons; origin i is a sub-
region within region o (E S . = S ) 
° ^ coi. CO.. 
S^oij ~ The annual surplus of crop c which is 
available for transport from region j 
in 100,000 tons (Z S .. = S . and j coij coi. 
^coij " *co..' 
y 
coijdmt = The quantity of crop c that is trans­
ported from subregion J within subregion 
i within origin o to destination d by 
mode m in time t in 100,000 tons 
For simplification and neatness, subscripts i and j are 
excluded from other equations. Subregions are used generally 
to disaggregate a region for shipments to barge-loading points 
and proximate processors. For example, two subdivisions with­
in a region o might have different rates to a river point but 
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the same rate to an export port. 
Regional rail-car-day This constraint reflects a re­
gion's capacity to transport grain in multi-car shipments 
and limits the amount of grain that can be transported from 
the region under multi-car rates. The constraint is defined 
by region, size of multi-car shipment, and time period. 
^C^omt - ^codmt ^odmt ^5) 
where 
RCD , = The number of rail-car days available 
omt 
in origin o for the multi-car shipment 
size defined by m in time period t. 
"here num-
bar of hopper-cars specified by the 
multi-car rail shipment m; is the 
number of days in period t; and is 
the number of facilities in origin o 
that are constructed to handle, at a 
maximum, the rail-car shipment that is 
specified by m.^ This RCD definition 
implies that the number of cars available 
to the facility per period is equal to 
the shipment size specified by m, i.e., 
if m is defined as a 75-car shipment. 
2 A grain elevator's rail-car loading capability depends on 
the amount of rail siding (trackage that is available for rail-
car storage and maneuvering), grain storage, and direct loading 
capacity. 
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then each 75-car loading facility is al­
lowed to use 75 cars during the period. 
^odmt ~ The number of rail-car-days that are used 
by one unit of = TAT^^ S; 
where TAT , is the estimated turn-around-
odm 
time from origin o to destination d by the 
multiple-car shipment size defined by m 
and S equals the number of cars required to 
haul one unit of X. , . 
codmt 
For example, assume that there are two 50-car facilities 
and two 75-car facilities located in a central Iowa region. 
The rate to Chicago export ports is 70 cents and 75 cents per 
hundredweight for a 75-car shipment and a 50-car shipment, 
respectively; the rates to New Orleans ports are, say, 100 cents 
and 108 cents for 75- and 50-car shipments, ^'^^tom' 3-ssuming 
a period length of 90 days, is equal to 75 times 90 (6750) when 
m is defined as a 75-car shipment whereas RCD^^^ is equal to 
50 times 90 (4500) when m is a 50-car shipment. 
Assume TAT^^^ is equal to 10 days for the Chicago shipment 
and 20 days for the New Orleans shipment and that a unit of 
^codmt defined such that S equals 1 (therefore, = 
TATodm^• The number of carloads of grain that can be transport­
ed exclusively to Chicago by 75-car trains is equal to 675 (6750 
divided by 10) whereas only 337.5 carloads can be transported 
to New Orleans by 75-car trains. Fifty-car trains can haul 450 
and 225 carloads,- each exclusively, to Chicago and New Orleans. 
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The shipments do not have to be on an exclusive basis therefore 
it is possible that all four combinations of shipment size and 
destinations can and may be in the optimal solution. If the 
costs are such that all central Iowa grain goes to New Orleans 
then one can view the rail-car constraints as causing a step 
transport supply function as displayed in Figure 3. The 
tradeoff between any of two alternatives described above is, 
of course, linear. Figure 4 exemplifies the tradeoff in terms 
of rail-car shipments between 75-car shipments to New Orleans 
and 75-car shipments to Chicago. 
Export-bound rail-car-day This car-day constraint 
reflects the fact that there is a limited number of rail cars 
available and that the inland transport system must operate 
within this limit. The constraint is the estimated number of 
car-days available for export-bound grain shipments per period. 
1 Vmt (6) 
where 
ECD^ = The estimated number of rail-car-days for 
usage in port-bound shipments. ECD^ = CP^; 
where C is the estimated hopper-cars for 
port-bound shipments and is the number 
of days in period t. -^-toem defined as 
above except that m is now single- and 
multi-car shipments. 
Barge-day Barge-day constraints are divided into two 
types—contract barge-days and spot barge-days. The con-
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Figure 3. Supply-type function of rail shipments caused by 
RCD constraints 
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Figure 4. Tradeoff between 75-car shipments to New Orleans and 
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straints limit the amount of barge days that are available 
per period under contract rates and spot rates. 
CBD, > EE:: Boemt 
coem 
SBD, > ZZZE (7.2) 
where 
CBD^ = Total barge days available for corn, wheat 
and soybean transport times 0.8 in time t 
SBD^ = Total barge days available for corn, wheat 
and soybean transport times 0.2 in time t 
^oemt ~ number of barges required to transport 
one unit of X , times the number of days 
coemt 
required to load and move a barge from 
origin o to export port e and return 
CBD^ and SBD^ are the levels of barge-days that are avail­
able under contract rates and spot rates, respectively, in 
time t. Total barge days in t is equal to the projected barges 
available for corn, wheat, and soybean haulage times the number 
of days in period t. Eighty percent of the barge grain traf­
fic is assumed to be under contract arrangements and the 
remaining 20 percent is under spot market agreements. 
Lock and Dam 26 A restriction is imposed which limits 
the amount of grain that can traverse the locks and dam system 
at Alton, Illinois. 
> EZCZ C8) 
coem 
where 
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= Maximum quantity of grain that can be barged 
southbound through Lock and Dam 26 in t in 
millions of bushels 
= Factor which converts 100,000 tons of crop 
c to million bushel units 
Port unloading Rail, barge, and truck unloading 
capacities per period are defined for port regions. 
= Maximum quantity of grain that can be hauled 
by rail to port area e in time t in millions 
of bushels 
= Maximum quantity of grain that can be hauled 
by barge to port area e in time t in millions 
of bushels 
= Maximum quantity of grain that can be hauled 
by truck to port area e in time t in millions 
of bushels 
Port transfer This equality constraint is incorporated 
to reduce the number of activities that are needed. Rather 
than defining a foreign-bound activity as a movement from an 
inland elevator to the foreign destination, the movement is 
divided into two segments. The first segment is a grain flow 
> ZEE 
com 
> SEE 
com 
> EEE X 
com 
(9.1) 
( 9 . 2 )  
(9.3) 
where 
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from the elevator to export port where it is pooled (in the 
port-transfer constraint) with grain from other inland eleva­
tors. The second segment is grain haulage from the ports to 
foreign destinations by ocean-going vessels. One disadvantage 
of this procedure is that grain destined to a foreign region 
cannot be traced back to the originating region within the 
U.S. 
= 0 = Z: %eoemt " | ^oeft 
Equation 10 represents the transfer rows which equate 
the quantity of crop c that is transported to port area e 
with the respective quantity of crop c that is transported 
from port area e by ship to foreign destinations in t. 
Inventory This equation specifies the amount of grain 
that must be transported out of southeastern regions during 
the harvest period due to lack of storage. 
1 K. (11) 
where 
= Quantity of grain that must be transported 
out of region o during time period F in 
millions of bushels 
Pictorial Description 
Table 2 illustrates some of the model relationships in 
picture form. The purpose of this illustration is to aid the 
reader who is familiar with presentations of linear program-
Table 2. Pictorial example of model structure 
STi R1 R1 R1 R1 R1 75 75 25 25 MS MC TS TC R1 R1 R1 R1 R1 R1 00 OC OC OC 
d : 
o : 
t ; 
lA lA lA lA lA lA lA lA lA lA lA SI SI GA OA GA OA GA OA GU GU GU GU 
W R P W W R W R R R R R  W W W R 
a 
C 
1 
C 
1 
C 
1 
c 
1 
c 
1 
a 
a 
a 
C 
1 
C 
1 
C 
1 
a a 
a 
a 
a 
C 
1 
a 
a 
C 
1 
1 
a 
a 
a 
C 
1 
1 
a 
a 
a 
-1 
-1 
JP JP Sign RHS 
W R 
C C OBJ 
< SUPIA 
SUF3I 
< SUPGA 
>" DMTXW 
>" DMTXR 
>" DMALF 
> DMALW 
> DMALS 
7 75IAW 
7 75IAR 
7 25IAW 
7 25IAR 
< ERCDW 
< ERCDR 
< CBDR 
< SBDR 
LD26R 
Z RUCW 
< RUCR 
< BUCW 
BUCR 
< IN VGA 
> DMEUR 
> DMEUW 
1 > DMJPW 
1 DMJPR 
-1 PTW 
-1 
= PTR 
^Values represented by "C" may vary by column. 
^Values represented by "a" may vary by column and row. 
VJ1 
O 
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mlng in this type of format. Most relationships of the model 
are exemplified, therefore, the example provides the reader 
with a means to easily conceive the model's structure. This 
illustration uses three origins, two domestic destinations, 
two foreign destinations, one export port, four time periods, 
eight transport mode categories, and one crop. 
Activities 
Each column variable) of Table 2 is defined by 
origin (o), destination (d), transport mode (m), and time 
period (t). 
Transport modes are defined as follows : 
R1 = Single-car rail 
75 = 75-car rail 
25 = 25-car rail 
MS = 25-car rail to river; barge under spot rate 
MC = 25-car rail to river; barge under contract 
rate 
TS = Truck to river; barge under spot rate 
TC = Truck to river; barge under contract rate 
OC = Ocean-going-vessel 
Destinations are defined as follows: 
TX = Region in Texas 
AL = Region in Alabama 
GU = Gulf port 
RV = Gulf port via Mississippi River 
EU = Europe 
JP = Japan 
Origins are defined as follows: 
lA = Region in Iowa 
SI = Subdivision of lA 
GA = Region in Georgia 
GU = Gulf port (for transhipment) 
Periods are defined as follows : 
W = December 15 - March 14 
R = March 15 - December 14 
F = September 15 - December 14 
S = March 15 - September 14 
Constraints 
29 rows (equations) are illustrated. The definitions 
of right-hand-side (RHS) values are as follows: 
OBJ = Objective function 
SUPIA = Supply of lA 
SUPSI = Supply of SI 
SUPGA = Supply of GA 
DMTXW = Demand of TX in period W 
DMTXR = Demand of TX in period R 
DMALF = Demand of AL in period F 
DrlALW = Demand of AL in period W 
DMALS = Demand of AL in period S 
75IAW = 75-car rail-car-days of lA in period W 
75IAR = 75-car rail-car-days of lA in period R 
25IAW = 25-car rail-car-days of lA in period W 
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25IAR = 25-car rail-car-days of lA in period R 
ERCDW = Export-bound rail-car-days in period W 
ERCDR = Export-bound rail-car-days in period R 
CBDR = Contract-barge-days in period R 
SBDR = Spot-barge-days in period R 
LD26R = Lock-and-Dam 26 capacity in period R 
RUCW = Rail-unloading capacity of GU in period W 
RUCR = Rail-unloading capacity of GU in period R 
BUCW = Barge-unloading capacity of GU in period W 
BUCR = Barge-unloading capacity of GU in period R 
INVGA = Inventory maximum of GA 
DMEUW = Demand of EU in period W 
DMEUR = Demand of EU in period R 
DMJPW = Demand of JP in period W 
DMJPR = Demand of JP in period R 
PTW = 0 (port transfer of GU in period W) 
PTR = 0 (port transfer of GU in period R) 
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CHAPTER IV. DATA 
Costs 
The objective in determining transport cost coefficients 
for the base scenario is to reflect the transport rate struc­
ture that faced shippers in 1980. Barge and rail rate changes 
are made in the other scenarios to reflect the effects of 
proposed waterway user charges. 
In summary, four general methods are used in determining 
rail, barge, truck, and ship rate structures. Barge and ship 
rates are estimated as an average of a sample of rates. Con­
tract barge rates and some ship rates are adjusted according 
to advice from industry sources. The rail rate structure 
represents a set of selected market rates. Truck rates are 
based on estimated production costs. 
Truck 
Grain truck costs are estimated for tractor-semi-trailers 
using the truck cost model presented by Narigon [39]. Total 
annual costs are estimated in cents per ton for March 1, 1980. 
TC = FC + VC'M + TR (12) 
where 
TC = Total annual truck cost 
FC = Total fixed cost 
VC = Variable cost per mile 
M = Total miles travelled per year 
TR = Transfer cost per year 
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Factors used in determining annual fixed cost are license 
fees, highway use taxes, overhead expenses, maintenance and 
repair costs, ownership expense, salvage value, service life, 
and the interest rate. Variable cost components include fuel, 
oil and oil filters, tires, and drivers wages. Transfer cost 
is a function of the transfer time (to load and unload the 
truck) and the driver's wages. Table 3 presents the fixed 
and variable costs that are assumed for each state. 
Table 3. Annual truck cost components fay item in dollars, 
1980& 
Item Cost^ 
Truck purchase 5%,043 
Truck salvage^ 19,248 
Maintenance 2,702 
Insurance 3,722 
Overhead (administration) 480 
18 tires^ 5,277 
Oil and filter® 51 
Gallon of fuel 1.173 
^Source: Consultations with dealerships in central Iowa. 
13 percent interest rate is used. 
^Service life is five years. 
^Service life of 100,000 miles with no salvage value. 
®10,000 mile service life. 
The number of trips and total distance traveled during a 
year is a function of the trip distance, average truck speed, 
transfer time, and number of working hours per year. 
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N = (13) 
(§  +  T)  
M = D-N (14) 
where 
N = Number of trips per year 
H = Total working hours per year 
D = Round trip distance in miles per trip 
S = Speed in miles per hour 
T = Transfer in hours per trip 
Average truck cost per ton-mile is estimated under the 
assumption that no other commodity is backhauled. 
~ (M-PL) 
where 
AC = Average truck cost in cents per ton-mile 
PL = Payload of 24 tons 
Truck cost functions, by state, are estimated on the basis 
of mileage travelled using the ordinary-least-squares (OLS) 
procedure. 
C = a + b * m  ( 1 6 )  
where 
C = Truck cost in cents per ton (based on AC) 
m = One-way trip mileage 
a = Estimated intercept 
b = Estimated slope 
Ten one-way-trip mileage observations (m) and their respective 
truck costs (C) are used to develop the truck cost functions. 
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Each trip length (m) has an underlying intercept and slope in 
a mileage/cost-per-ton space; therefore, the regression esti­
mates (a and b) represent a smoothing of these ten individual 
functions. Table 4 presents the truck functions and the costs 
that vary by state. 
Industry sources indicate that a two percent profit margin 
on trucking is reasonable. Thus, estimated truck costs are 
adjusted to reflect this two percent assumption. 
where 
R = Estimated truck rate in cents per ton 
Truck rates of the L.P. model are based on origin to 
destination mileages that are determined from a square-grid 
map. The center of the region is used to represent the orig­
inating point. The destination point is represented by 1) 
the center of a grain-deficit region or 2) a point that is 
defined as a destination (such as export ports and cities of 
processing) or 3) the point on a river which is closest to the 
originating point (barge loading facilities are assumed to be 
located continuously along the river). 
Rail 
Rail rates are estimated by collecting "relevant" 1980 
market railroad freight rates that were offered to shippers. 
Relevancy of the rates is based primarily on industry consul­
tation regarding the frequency of use by shippers. 
As was shown in the previous chapter, model equations 
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Table ^. Average hourly wage rates and license fees in dollars 
and regression coefficients used to determine truck 
rates by state 
State Average hourly 
wage rate& 
Annual license 
fee plus usage 
taxb 
Intercept Slope 
Alabama $7.82 $1008.0 4.279 .218 
Arkansas 7.82 1380.0 4.321 .219 
California 9.70 652.0 4.716 .230 
Colorado 9.70 1501.7 4.807 .232 
Florida 7.82 698.0 4.244 .217 
Georgia 7.82 936.0 4.271 .217 
Idaho 9.70 328.0 4.673 .228 
Illinois 9.55 1788.9 4.802 .232 
Iowa 9.55 1923.0 4.818 .233 
Indiana 9.55 728.0 4.681 .229 
Kansas 9.55 1578.0 4.778 .231 
Kentucky 7.82 1068.0 4.286 .218 
Louisiana 7.82 1188.0 4.299 .218 
Michigan 9.55 1093.0 4.722 .230 
Minnesota 9.55 1488.0 4.768 .231 
Mississippi 7.82 1173.4 4.298 .218 
Missouri 9.55 1374.8 4.755 .231 
Montana 9.70 2863.0 4.962 .237 
Nebraska 9.55 1508.0 4.770 .231 
North Carolina 7.82 1028.0 4.281 .218 
North Dakota 9.55 1359.0 4.753 .231 
Ohio 9.55 1055.5 4.719 .230 
Oklahoma 7.82 959.0 4.273 .217 
Oregon 9.70 443.0 4.686 .229 
South Carolina 7.82 855.3 4.261 .217 
South Dakota 9.55 1678.0 4.790 .232 
Tennessee 7.82 1357.9 4.319 .219 
Texas 7.82 1028.0 4.281 .218 
Virginia 7.82 1198.0 4.301 .218 
Washington 9.70 1237.4 4.777 .231 
Wisconsin 9.55 1830.0 4.807 .232 
^Source: [38]. 
^Source: Consultations with representatives of state 
departments of transportation. 
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allow for the use of more than one rail rate for a particular 
origin-destination pair; the distinction between these rates 
is the specified number of rail cars per shipment. Within a 
particular rail-car-number specification, there may be more 
than one rate facing the shipper. For instance, given that a 
single car rate is needed for say. Des Moines to New Orleans, 
there may be a rate that is available to shippers under the 
condition that the payload weighs between 100,000 and 135,000 
pounds (a common specification for box-car usage) whereas 
another rate is available under the provision that a minimum 
of 180,000 pounds be loaded (which requires the use of a 
covered-hopper-car). In addition, joint or transit rates may 
be available that combine a Des Moines-Kansas City rate with 
a Kansas City-New Orleans rate in determining the Des Moines-
New Orleans rate. 
While searching and gathering railroad rates, the follow­
ing general rules were followed: 
1. Only covered-hopper-car rates are used. 
2. Through (direct) rates are used if these 
types of rates are prevalent for a general 
originating area to a general destination 
area. The principal usage of joint rates 
involved grain from non-Southeastern U.S. 
to Southeastern U.S. The most common 
rate determination for this type of move­
ment is made by using rates to Ohio River 
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crossings—such as Cincinnati, Ohio or Cairo, 
Illinois—in conjunction with rates from 
the Ohio River to the southeastern points. 
3. In the case of multiple-car shipments, some 
railroads will vary the rate, depending on 
the specification of the number of consecutive 
trips between origin and destination. When 
more than one trip specification was avail­
able, consultation with traffic managers and 
executives of shipping firms was used in de­
termining the most commonly used rate. 
Initially, a set of origin-destination pairs was developed 
for rail activities which was reviewed and edited by transpor­
tation executives of grain merchandising and railroad firms. 
Representative towns for region delineations are chosen on the 
basis of central location on the "predominant" railroad. The 
predominant railroad for a particular region is often the only 
railroad within the area demarcation. In the case which more 
than one railroad exists, predominancy is based on either the 
amount of trackage within the region or, if track mileage is 
nearly equal, the destination specified. That is, often two 
railroads within a region will differ in their general direc­
tional pattern. If a destination is to a point that is east 
of the origin, the rate used applies to the railroad that has 
the east-west directional pattern. 
A railroad rate is published under a respective ex parte 
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level. Ex parte specifications include the applicable time pe­
riod and adjustments of rates. Prior to the Staggers Rail Act 
of 1980 (effective October 198O), the ICC approved periodically 
a percentage rate change (usually reflecting rising operating 
costs) for all or general origin-destination delineations. 
Since the rates were collected from documents of varying ex 
parte levels, all rates are adjusted to the common ex parte 
level of 375c which was effective during the summer of 198O. 
Approximately 60 railroad and freight-bureau-grain tariffs 
and grain-rate books were used. These documents are listed 
in Table 5-
Samples of rail rates that are used in the model are pre­
sented in Tables 6, 7, and 8 for corn, soybeans, and wheat, 
respectively. 
Two model scenarios that are analyzed incorporate rail 
rate increases in response to barge rate increases. This com­
petitive reaction is presented in Table 9- The 50 percent rail-
rate response for a particular region is determined by selecting 
a barge rate increase (due to the waterway user charge) that is 
"appropriate" for that area.^ One-half of the barge rate change 
is added to export-bound rail rates. The appropriate barge rate 
change for a particular area is generally the change which takes 
place at the barge loading point which 1) offers the lowest barge 
^The selection of these rate changes was done by Jeffrey 
R, Beaulieu, Research Associate, Department of Economics, 
Iowa State University. 
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J. Rail freight tariffs and rate books used to obtain 
rail rates 
Organization which 
compiled rates 
Title of tariff, tariff supplement, 
or grain book 
Agri Industries 
Atchison, Topeka and 
Sante Pe Railway Co. 
Burlington Northern, Inc. 
Cargill, Inc. 
Chicago Board of Trade 
Chicago, Milwaukee, St. 
Paul and Pacific 
Railroad Co. 
Chicago and Northwestern 
Transportation Co. 
Consolidated Rail Corp. 
Far-Mar-Co 
Farmland Industries, Inc. 
Grow-Mark, Inc. 
Illinois Central Gulf 
Railroad Co. 
Grain Rate Book 
Freight Tariff 1%715-J 
Freight Tariff 55-A 
Freight Tariff BN 4015-A 
Freight Tariff BN 4010; Sup.150 
Freight Tariff 4l; Sup.126 
Grain Rate Book 
Grain Rate Book 
Freight Tariff 11244-M 
Freight Tariff 17000-L 
Freight Tariff 18710-E 
Freight Tariff I8IOO-N 
Freight Tariff 4001-A 
Freight Tariff 17194-C 
Freight Tariff 17150-H 
Freight Tariff 17042-G 
Freight Tariff 17194-C; Sup.25 
Freight Tariff CR 4171 
Grain Rate Book 
Single Car Export Wheat 
Rate Grain Book 
Grain Rate Book 
Grain Rate Book 
Freight Tariff 609 
Freight Tariff ICG 4012; Sup.75 
Freight Tariff 602; Sup.72 
Freight Tariff 6OI-B; Sup.62 
Freight Tariff ICG 4011; Sup.99 
Table 5. (Continued) 
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Organization which 
compiled rates 
Title of tariff, tariff supplement, 
or grain book 
Indiana Grain 
Interstate Commerce 
Commission 
Kansas City Board of 
Trade 
Landmark, Inc. 
Louis Dreyfus Corp. 
Minneapolis Grain 
Exchange 
Missouri Farmer's 
Association, Inc. 
Missouri Pacific Rail­
road Co. 
North Pacific Coast 
Freight Bureau, Agent 
St. Louis-San Francisco 
Railroad Co. 
Southern Freight Tariff 
Grain Rate Book 
Tariff ICC PSFB 4013-A; Sup.14 
Grain Rate Book 
Grain Rate Book 
Grain Rate Book 
Inter-Office Correspondence 
Grain Rate Book 
Grain Rate Book 
Freight Tariff 42-B; Sup.91 
Freight Tariff 57-G 
Freight Tariff 65-J 
Freight Tariff 10-Q: Sup.6l 
Freight Tariff ICC NPCF 4011-A; 
Sup.17 
Freight Tariff 5721-T 
Freight Tariff SFA 1011-B 
Freight Tariff 972-F 
Southwestern Freight 
Bureau, Agent Southwestern Lines Freight Tariff 
182-K 
Southwestern Lines Freight Tariff 
182-K; Sup.68 
Southwestern Lines Freight Tariff 
180-L; Sup.266 
Southwestern Lines Freight Tariff 
225-N; Sup.100 
6 H  
Table 5- (Continued) 
Organization which 
compiled rates 
Title of tariff, tariff supplement, 
or grain book 
Trans-Continental 
Freight Bureau 
Union Pacific Rail­
road Co. 
Freight Tariff TCFB 4045-0; Sup.88 
Freight Tariff TCFB 4045-0; Sup.15 
Freight Tariff TCFB 4045-0; Sup.10 
Freight Tariff TCFB 3029-P; Sup.2l6 
Freight Tariff TCFB 3029-P; Sup.113 
Freight Tariff TCFB 3029-P; Sup.103 
Freight Tariff 29-P; Sup.45 
Freight Tariff 4045-N; Sup.366 
Freight Tariff 45-N 
Freight Tariff TCFB 6005-C; 
Directory 
Freight Tariff UP 4035-A 
Freight Tariff UP 4020-A 
Freight Tariff UP 4035-A; Sup.10 
Freight Tariff 6Q8O-J 
Freight Tariff 4010-A 
Table 6. Select rail and rail-barge transport rates for corn to port areas by 
originating region and shipment size in cents per bushel 
Rail-barge to 
Rail rates to port areas gulf ports 
Originating Number of Louisiana Pacific Lakes Atlantic Rate^ River 
region rail cars gulf northwest entry 
in shipment point 
Central 
Nebraska 1 76.9 103.8 75.2 . . . 99.9 Omaha 
25 70.0 70.8 • • • • • • 
50 66.1 68.9 • • • « • • 
75 63.3 66.1 • • • • • • • • • fl • • 
Western 
Iowa 1 70.8 45.7 . . . 73.4 Clinton 
25 65.1 70.8 42.8 . . . 62.0 Clinton 
50 60.9 68.9 34.8 . . . • • • 
75 57.2 66.1 31.1 . . . • • • • • • 
Eastern 
Iowa 1 72.1 42.6 . . . 65.1 Clinton 
25 66.3 35.6 . . . 54.4 Clinton 
50 60.9 • « • 32.8 . . . 52.7 Clinton 
Southern 
Minnesota 1 78.2 103.8 72.1 . . . 74.4 Minne­
apolis 
25 71.7 71.4 51.0 . .. • • • • • • 
^Rail-barge rate is equal to rail rate to river entry point plus contract-barg 
rate plus 4.9 cents per bushel handling charge. 
Table 6. (Continued) 
Originating 
region 
Rail rates to port areas 
Number of Louisiana Pacific Lakes Atlantic 
rail cars gulf northwest 
in shipment 
Rail-barge to 
gulf ports 
Rate River 
entry 
point 
Central 
Illinois 
Central 
Ohio 
Eastern 
Colorado 
Southwest 
Kansas 
50 
75 
1 
65 
125 
1 
100 
1 
1 
6 6 . 6  
62.7 
82.7 
42.6 
ill.9 
71.2 
92.3 
70.3 
1 0 3 . 8  
46.8 
43.7 
35.6 
2 5 . 0  
131.9 
116.5 
44.7 
44.7 
67.2 
35.7 
Table 7. Select rail and rail-barge transport rates for soybeans to port areas by 
originating region and shipment size in cents per bushel 
Originating 
region 
Number of 
rail cars 
in shipment 
Rail rates to port areas 
Rail-barge to 
gulf ports 
Louisiana 
gulf 
Pacific 
northwest 
Lakes Atlantic Rate^ River 
entry 
point 
Eastern 
Nebraska 1 85.7 • • • 80.5 . . . 130.8 Kansas 
City 
25 75.0 75.9 
50 70.8 73.8 
75 6 7 . 8  70.8 • • • • • • • • • • • • 
Western 
Iowa 1 75.8 49.0 . . . 78.6 Clinton 
25 69.7 75.9 45.9 . . . 66.4 Clinton 
50 ( i ' t . g  73.8 37.3 . . . • • • 
75 61.3 70.8 33.3 . . . • • • • • • 
Eastern 
Iowa 1 77.2 45.7 . . . 69.8 Clinton 
25 71.0 38.2 , . . 58.3 Clinton 
50 6 5 . 3  • • • 35.1 . . . 56.5 Clinton 
Southwest 
Minnesota 1 9 0.4 111.2 90.9 . . . 84.4 Minne­
apolis 
25 76.4 76.5 54.6 . . .  • . • • • • 
^Rail-barge rate is equal to rail rate to river entry point plus contract-barge 
rate plus 4.9 cents per bushel handling charge. 
Table 7. (Continued) 
Rail rates to port areas 
Rail-barge to 
gulf ports 
Originating 
region 
Number of 
rail cars 
in shipment 
Louisiana 
gulf 
Pacific 
northwest 
Lakes Atlantic Rate River 
entry 
point 
50 
75 
71.4 
67.2 
. . . 51.1 
46.8 
' •  •  •  . . .  
Central 
Illinois 1 
65 
125 
8 8 . 6  
45.6 
44.9 
. . . 
38.1 
'47.4 
47.4 
•  •  •  . . .  
Central 
Ohio 1 
100 
76.3 . . . 19.3 72.0 
38.2 
.  .  •  •  •  
Eastern 
Kentucky 1 48.1 53.7 
Northeast 
Mississippi 1 33.4 
•  •  '  
•  .  .  . . . • . # • • • 
Table 8. Select rail and rail-barge transport rates for wheat to port areas by 
originating region and shipment size in cents per bushel 
Originating 
region 
Rail rates to port areas 
Rail-barge to 
gulf ports 
Number of 
rail cars 
in shipment 
Louisiana 
gulf 
Pacific 
northwest 
Lakes Atlantic Rate^ River 
entry 
point 
Northwest 
Nebraska 
Southern 
Nebraska 
Northern 
Kansas 
Southwestern 
Minnesota 
1 
50 
1 
25 
50 
75 
50 
75 
1 
25 
1 3 6 . 6  
75.3 
102.2 
75.0 
7 0 . 8  
6 7 . 8  
8 6 . 6  
90.4 
7 6 . 8  
111.2 
85.8 
1 3 0 . 0  
97.2 
94.8 
94.8 
108.4 
92.7 
92.7 
150.2 
126.7 
103.6 
9 0 . 8  
84.8 152.6 
137.0 Omaha 
114.0 Omaha 
93.1 
84.4 
54.6 
Kansas 
City 
Minne­
apolis 
^Rail-barge rate Is equal to rail rate to river entry point plus contract-barge 
rate plus 4.9 cents per bushel handling charge. 
Table 8. (Continued) 
Rail rates to port areas 
Rall-barge to 
gulf ports 
Originating 
region 
Number of 
rail cars 
In shipment 
Louisiana 
gulf 
Pacific 
northwest 
Lakes Atlantic Rate River 
entry 
point 
Northwestern 
Minnesota 
Central 
North Dakota 
Central 
Montana 
50 
75 
1 
26 
54 
1 
26 
54 
1 
26 
71.4 
6 7 . 2  
146.9 
1 6 9 . 6  
111.3 
150.2 
122.0 
111.3 
149.3 
102.2 
94.8 
102.7 
7 6 . 2  
50.1 
46.8 
43.8 166.7 
34.8 
69.7 
60.7 
154.6 
142.5 
98.5 
89.5 
121.1 
112.1 
205.9 
193.9 
Minne­
apolis 
Minne­
apolis 
Minne­
apolis 
Minne­
apolis 
Minne­
apolis 
Minne­
apolis 
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Table 9. Railroad rate responses by state, CRDf and destination 
in cents per bushel of corn 
Destination 
Origin East Coast Gulf Coast Northwest Coast 
State CRD 50 100 50 100 50 100 
percent percent percent percent percent percent 
response response response response response response 
AR ST^ • • • .36 .73 
ID 01 . 
09 • • . 
• 
IL 01 1.32 2.57 1.32 2.57 
02 1.32 2.57 1.32 2.57 
03 1.32 2.57 1.32 2.57 
04 1.32 2.57 1.32 2.57 
05 1.32 2.57 1.32 2.57 
06 1.32 2.57 1.32 2.57 
07 .67 1.27 .67 1.27 
40 1.32 2.57 1.32 2.57 
60 .90 1.68 .90 1.68 
IN 01 1.48 2.97 1.48 2.97 
02 1.48 2.97 1.48 2.97 
03 1.48 2.97 1.48 2.97 
04 .90 1.68 .90 1.68 
05 .90 1.68 .90 1.68 
06 .90 1.68 .90 1.68 
07 .90 1.68 .90 1.68 
08 . 90 1.68 • 90 1.68 
lA 01 2.02 3.98 
02 2.02 3.98 
03 2.02 3.98 
04 3.33 6.05 
05 2.02 3.98 
06 2.02 3.98 
07 3.33 6.05 
08 2.02 3.98 
09 . . . . . . 1.67 3.73 
KS 01 2.32 4.20 
02 2.32 4.20 
76 
76 
42 
42 
''Crop reporting district (map in APPENDIX A.). 
All relevant CRDs within the state. 
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Table 9. (Continued) 
Destination 
East Coast Gulf Coast Northwest Coast Origin 
State CRD 50 100 50 100 50 100 
percent percent percent percent percent percent 
response response response response response response 
03 2.32 4.20 
09 
• 
• . • 6.47 10.64 . . . . 
KY ST .64 1.23 .64 1.23 . . . . 
MN ST 3.05 5.99 . . . . 
MS ST .36 .73 . • . . 
MO 01 2.32 4.20 
02 1.26 2.41 
03 .90 1.68 
04 2.32 4.20 
05 .90 1.68 
06 .90 1.68 
09 .62 1.18 . • . . 
MT 02 1 76 3 42 
05 • • 1 76 3 42 
NE 06 3.33 6.05 3 33 6 05 
09 3.33 6.05 3 33 6 05 
OH ST .98 1.96 .98 1.96 
• . • . 
OK 03 6.47 10.64 
05 6.47 10.64 
• . . . 
OR 02 • 36 67 
03 
* • 73 1 40 
WA 02 36 67 
03 1 37 2 69 
05_ 1 09 2 13 
09 • 
• • ' 
1 37 2 69 
WI ST 3.05 5.99 
^Southwest corner of this district is .73 and 1.4. 
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rate and 2) is used by the area for barge transport in the 
base solution. For instance, if north_central Iowa shipped 
grain by rail to Minneapolis and to Keokuk for barging in the 
base solution, then the appropriate rail response is a function 
of the barge rate change that occurs at Keokuk since the barge 
rate at Keokuk is less than the barge rate at Minneapolis. 
Responses for some areas represent an average of responses. 
This was done to avoid abrupt changes in responses between 
adjacent regions. 
The 100 percent rail-rate responses are determined by 
the same method except that the total change in the barge 
rate is added to the rail rate. 
Rail rates to the East Coast, Gulf, and Northwest Coast 
ports are increased in response to the segment tax. Rail rates 
to the Lake ports are not increased due to their proximity to 
major grain producing areas. This proximity means that truck 
haulage to the Lakes is very competitive and, since no truck 
rate response is assumed, rail rate response to the Lakes is 
also assumed to be zero. 
Barge 
The estimated barge rate structure is determined by 
Beaulieu [?]. Contract barge rates (which are agreed upon 
prior to the navigation season) for grain barged from points 
along the Mississippi River and its tributaries are based on 
discussions with executives of four barge companies. Spot, 
rates are estimated by averaging the rates that represented 
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agreements between barge owners and shippers at the St. Louis 
Merchants Exchange [49] during the winter- and non winter-
periods of the 1979/80 navigation year. The spot rate market 
exists for shipments on the Mississippi, Illinois, and Ohio 
Rivers. Barge rates for the Columbia-Snake river system are 
gathered from a barge freight tariff [51] that is published 
by a barge company that operates on this waterway system. A 
summary of the barge rates is presented in Table 10. 
Waterway user charges 
The impacts on the barge rate structure of imposing a 
barge fuel tax are determined by Beaulieu [ 7 ] and Data Resources 
Inc. (DRI) [15]. DRI estimates the rate per gallon and the 
rate per ton-mile that are used to determine the total user 
charges imposed in the model. In estimating the fuel-tax 
and ton-mile rates, DRI attempts to estimate the quantities 
and origin points of all goods that will be barged on the 
inland waterway system before and after tax imposition—allow­
ing a projection of the per gallon or per ton-mile surcharge 
that is needed to induce the target tax revenue that would 
recover 100 percent of the commercial navigation allocations 
of public expenditures for operation, maintenance, repair, 
and construction of the inland waterway system. The fuel 
tax is estimated to be 32.4 cents per gallon when used ex­
clusively and 13.6 cents per gallon when used in conjunction 
with a segment tax. The segment ton-mile rates are presented 
in Table 11. The rail-response segment rates provide for 
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Table 10. Barge rates by river , origin point, and type of rate 
in cents per bushel of corn 
Spot rate 
River Origin Contract Winter Non-winter 
rate 
Miss. Minneapolis, MN 43.1 45.4 
Winona, MN 43.1 45.4 
McGregor, lA 38.6 40.1 
Clinton, lA 34.2 35.7 
Burlington, lA 32.7 34.1 
Hannibal, MO 31.4 32.1 
St. Louis, MO 24.1 22.4 22.8 
Cairo, IL 21.3 21.3 23.0 
Portageville, MO 21.3 17.4 20.9 
Osceola, AR 19.6 16.2 18.9 
Memphis, TN 17.4 14.6 17.2 
Helena, AR 16.8 14.0 16.2 
Perthshire, MS 15.1 12.3 14.6 
Greenville, MS 12.9 10,6 12.3 
Illinois Seneca, IL 33.6 31.4 31.9 
Ottawa, IL 32.5 30.2 30.6 
Peoria, IL 30.8 38.6 29.1 
Naples, IA 29.7 28.0 28.0 
Ohio Cincinnati, OH 26.3 26.3 28.2 
Louisville, KY 25.2 24.6 26.7 
Mt. Vernon, IN 22.4 22.4 23.9 
Missouri Sioux City, lA 67.2 . . . 
Omaha, NE 57.1 • • • • • • 
Kansas City, MO 48.2 • • • • • • 
Waverly, MO 48.2 • • 
Arkansas Catoosa, OK 33.0 • • • . 
Columbia-
Snake Lewiston, ID 11.2 11.9 
Central Ferry, WA 10.6 11.4 
Lyons Perry, WA 10.1 10.8 
Windust, WA 9.5 10.1 
Umatilla, WA 8.4 9.0 
Biggs, OR 7.3 8.0 
Dalles, OR 7.3 7.8 
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an increase in barge traffic when rail rates increase. The 
rail-response segment tax rates are less than the segment 
taxes without rail rate responses because higher rail rates 
are assumed to induce traffic back to the river; hence, a 
lower user charge is needed to recover the tax revenue target 
level. All DRI estimates are in late 1979 dollars. 
Table 11. Estimated 1985 segment-specific 
per ton-mile^ 
tax rates in cents 
Segment tax 
River Segment Fuel-Segment^ 
Combination 
No Rail 
response 
50% rail 
response 
100% rail 
response 
Upper Missis­
sippi .14 .25 .24 .23 
Middle Missis­
sippi .06 .10 .09 .09 
Lower Missis­
sippi .04 .07 .07 .06 
Illinois .10 .18 .16 .15 
Ohio .03 .05 .05 .05 
Missouri . l8 .32 .28 .26 
Arkansas .61 1.31 .97 .79 
Columbia-Snake .22 .40 .38 .37 
^Source: [15]. 
^System-wide fuel-tax equals 13.6 cents per gallon. 
Given the per gallon and per ton-mile rates of DRI, the 
total user charges are based on Beaulieu's estimated levels 
of ton-miles and fuel consumption that are needed for each 
barge activity. One exception to this procedure pertains to 
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the fuel tax charges that are assigned to barge shipments 
on the Columbia/Snake river system. In this case, the 1980 
fuel surcharges by origin that are published by Columbia 
Marina Lines, Inc. [51] are increased proportionately to 
reflect the DRI fuel tax rate levels for 1985. 
Cost increases (which are the assumed barge rate in­
creases) for the five user charge scenarios are given by 
selected river points in Table 12. 
One effect of the waterway user charges is that, by 
increasing barge rates, it becomes cheaper for more shippers 
to ship grain directly to export ports by truck or rail rather 
than using a truck- or rail-barge combination. That is, the 
competitive advantage of barging to a particular port decreases. 
As will be shown in the next chapter, the effects of the 
user charges are most dramatic for the states of Iowa, Minne­
sota, and Illinois. Maps 11-15 display some approximate com­
petitive advantage relationships that are implied in these 
three states by the cost structures used. The figures examine 
the competitive advantage areas of trucking to the Mississippi 
and Illinois River versus going directly to the Gulf ports by 
rail. For example. Map 11 illustrates the competitive advan­
tage between trucking from Iowa grain elevators to the Missis­
sippi River for barging and directly shipping grain to Gulf 
ports by 25-car rail shipments. Under the base solution's 
cost structure, it is cheaper to barge grain from points that 
Table 12. Projected Increases In barge rates due to user taxes by river, origin 
point, and type of tax In cents per bushel of corn 
Segment tax 
River Origin Fuel Fuel-segment No railroad 50 Percent 100 Percent 
taxB taxb response railroad railroad 
response response 
Miss 
Illinois 
Ohio 
Minneapolis , MN 3.99 5.35 6.49 6.10 5.91 
Winona. MN 3.61 5.25 5.58 5.23 5.06 
McGregor, lA 3.34 4.21 4.93 4.63 4.48 
Clinton, lA 3.00 3.61 4.12 3.87 3.73 
Burlington, lA 2.67 3.43 3.33 3.22 3.11 
Hannibal, MO 2.40 2.55 2.66 2.50 2.40 
St. Louis, 1 m 2.00 1.95 1.89 1.78 1.70 
Cairo, IL 1.50 1.46 1.41 1.33 1.27 
Portageville, MO 1.34 1.30 1.26 1.19 1.13 
Osceola, AR 1.14 1.11 1.08 1.01 0.97 
Memphis, TN 1.02 1.00 0.96 0.91 0.87 
Helena, AR 0.89 .87 0.84 0.79 0.75 
Perthshire, MS 0.77 .74 0.72 0.68 0.65 
Greenville, MS 0.63 .62 0.59 0.56 0.54 
Seneca, IL 2.87 3.11 3.29 3.05 2.88 
Ottawa, IL 2.83 3.06 3.23 2.99 2.82 
Peoria, IL 2.59 2.73 2.82 2.62 2.48 
Naples, IL 2.32 2.35 2.36 2.20 2.09 
Cincinnati, OH 2.46 2.27 2.11 1.98 1.92 
Louisville, KY 2.23 2.07 1.94 1.82 1.76 
Mt. Vernon, IN 1.79 1.70 1.62 1.53 1.46 
Fuel tax equals 32.4 cents per bushel, 
Fuel tax equals 13.6 cents per bushel, 
Table 12. (Continued) 
Segment tax 
River Origin Fuel 
tax& 
Fuel-segment 
taxb 
No railroad 
response 
50 Percent 
railroad 
response 
100 Percent 
railroad 
response 
Missouri Sioux City, lA 6.58 7.52 8.51 7.63 7.02 
Omaha, NE 5.82 6.68 7.55 6.78 6.25 
Kansas City, MO 3.95 4.77 5.25 4.75 4.40 
Waverly, MO 3.57 4.58 4.16 3.87 
Arkansas Catoosa, OK 3-60 9.76 17.46 13.10 10.72 
Columbia-
Snake Lewiston, ID 2.27 3.01 3.70 3.49 3.37 
Central Perry, WA 1.81 2.39 2.91 2.75 2.66 
Lyons Perry, WA 1.58 2.15 2.65 2.51 2.42 
Windust, WA 1.36 1.85 2.30 2.17 2.09 
Umatilla, WA 0.91 1.21 1.49 1.41 1.36 
Biggs, OR 0.91 .78 0.72 0.68 0.65 
Dalles, OR 0.00 .29 0.52 0.49 0.47 
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and 25-car rail shipments to Gulf, ports by tax scenario 
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Map 12. Competitive advantage areas within Iowa of truck-barge 
and 75-car rail shipments to Gulf ports'by tax scenario 
Ko Fuel Segocnt 
Tax TAX Tax 
Map 13. Competitive advantage areas with­
in Minnesota of truck-barge and 
25-car rail shipments to Gulf 
ports by tax scenario 
No Fu«l S«gc«nC 
Tax Tax Tax 
Map l4. Competitive advantage areas with-
• in Minnesota of truck-barge and 
75-car rail shipments to Gulf 
ports by tax scenario 
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Ko Tax 
Fuel Tax 
SegaeQC Tax 
Map 15. Competitive advantage areas within Illinois of 
truck-barge and 125-car rail shipments to Gulf 
ports by tax scenario 
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are east of the solid line. After the fuel tax is imposed, 
the area in which 25-car rail shipments are cheaper than 
truck-barge is increased by the area between the solid line 
and the dotted line labeled "Fuel Tax." 
Ocean-going-vessel 
Ocean-going-vessel (ship) rates are estimated by calcu­
lating the weighted average—weighted by ship payload capacity-
of grain rates published in the Journal of Commerce and Commer­
cial [48] during the period of October 1979 through September 
1980, inclusively. Table 13 presents the matrix of estimated 
ship rates. 
Two Great Lake rates are not weighted averages; rather, 
they are adjusted relative to rates offered to shippers at 
the Gulf of Mexico. The adjustments are based on the con­
sultations with industry representatives. After reviewing 
the inter-port rate relationships that are implied by the 
1979/80 average, it was felt that the Great Lakes rates to 
Europe were not high enough when compared to the ship rates 
from the Gulf to Europe. The Great Lakes rates are adjusted 
upward so that there is a 13 dollar per ton difference between 
the Great Lakes and the Gulf. 
Handling 
Handling charges are added to rail and truck shipments to 
river terminals for transhipment by barge. The transfer costs 
are based on work done by Fuller, Lamkin, Sorenson, Honan, 
Bridges, Oehrtman, and Mclnnis [24, p. 25]. The average cost 
Table 13. Ocean-going vessel rates by destination and port area in cents per bushel 
of corn 
Destination East Coast Gulf Lakes West Coast 
Central and South 
America 
(2)* 
67 
(111) 
111 
(3) 
66 
(31) 
Africa & Middle East 87 
(26) 
118 
(78) 
97 
(5) 
98 
(18) 
Western Europe 49 
(17) 
44 
(96) 
76 . . . 
Eastern Europe 8't 
(21) 
74 
(19) 
106 157 
(7) 
Far East 109 
(8) 
63 
(145) 
132 
(1) 
52 
(74) 
^Number of observations used to determine rate. 
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transfer for rail and truck are inflated by the implicit 
GNP deflator [74] to 1980 dollars. The transfer charge is 
equal to 8.7 cents per cwt. of grain. 
Crop Quantities 
Fixed quantities of grain are assigned to domestic regions 
that are defined as having grain available for usage outside 
the respective region. Fixed quantities that must be trans­
ported to domestic or foreign locations are also defined. 
Domestic area delineations for these supply and demand 
quantities are based generally on a crop and livestock report­
ing district (CRD) basis. Projections of crop production and 
usage are estimated for individual CRDs and then the surplus 
(positive or negative) grain is either used as is or divided 
or aggregated into other regional delineations. 
A CRD map and CRD projections are presented in APPENDIX 
A. Projections by crop, production, and type of usage are 
shown. 
The following five sections describe the procedure used 
in projecting the CRD grain surpluses. The sixth section 
reviews the division within CRDs and intertemporal considera­
tions. The last section describes export quantity demands. 
Corn processing 
Corn is estimated as a factor of processing of 1) dextrose 
2) glucose, 3) starch, 4) high-fructose-corn syrup, 5) ethanol. 
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6) cereal, and 7) meal. Total U.S. corn usage for each of these 
processing categories is projected to 1985- The procedure used 
to project most of these corn usages is to project the per 
capita consumption of the products and then derive the corn 
that is needed to meet these consumption estimates. Per capita 
consumption data of five products are presented in Table l4. 
Meal production is estimated by OLS equation: 
M = 6.079 + .103-T (18) 
(.136) (.013)2 
where 
M = Per capita pounds of meal consumed 
T = Time; 1960-1977 is represented by the 
values l-l8 
Projected 1985 meal per capita is found by using 26 for 
the value of T. Total meal production is found by multiplying 
the projected per capita estimate times the Census Bureau's 
projected U.S. population of 238.9 [76]. 
The amount of corn required to produce the projected 
amount of meal is based on an average empirical conversion rate. 
Annual corn usage for meal and grit production is reported in 
Agricultural Statistics [64]. The technical relationship be­
tween meal and grit production and corn input is found by 
dividing the annual bushels corn usage for meal by the respec­
tive annual pounds of meal and grit production. This con-
2 The parenthesized numbers under ordinary-least-squares 
estimated coefficients in this and subsequent equations are 
standard errors of the coefficients. 
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Table 14. Consumption of selected corn products pounds per 
capita, 1960-1977^ 
Year Meal Cereal Glucose^ Dextrose^ Starch 
i960 6.6 1.9 10.1 3.7 1.8 
1961 6.3 1.9 10.6 3.7 1.8 
1962 6.1 2.0 11.5 3.9 1.8 
1963 5.9 2.1 12.3 4.5 1.8 
1964 6.2 2.1 13.6 4.4 1.8 
1965 6 . 6  2.2 13.7 4.5 1.8 
1966 6.9 2.2 14.0 4.6 1.8 
1967 7.2 2.3 14.0 4.6 1.8 
1968 7.4 2.3 
1—1 
4.7 1.9 
1969 7.4 2.3 14.9 4.9 1.9 
1970 7.4 2.3 15.1 5.0 1.9 
1971 7.4 2.3 15.3 5.0 1.9 
1972 7.4 2.3 17.4 4.8 1.9 
1973 7.5 2.3 19.6 5.2 1.9 
1974 7.6 2.3 22.0 5.3 1.9 
1975 7.7 2.3 23.5 5.5 1.9 
1976 7.7 2.3 24.9 5.5 1.9 
1977 7.7 2.3 24.9 5.5 1.9 
^Source: [64]. 
^Reported as "syrup" in [64]; high-fructose corn syrup 
consumption [73] is excluded. 
^Reported as "sugar" in [64]. 
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version rate is determined for each year during the 1960-197^^ 
period. The conversion rate used is the average rate of 
196O-I974 which is equal to .O83. 
The method used for projecting corn usage for dextrose 
and glucose production is similar to the method used in pro­
jecting corn usage for meal and grit production. 
D = 3.05 + .575-T"5 (19) 
(.106) (.034) 
ln(G) = 2.266 + .051-T (20) 
(.033) (.003) 
where 
D = Per capita pounds of dextrose consumed 
ln(G) = Natural log of per capita pounds of 
glucose consumed 
Total projected production of dextrose and glucose is 
found by multiplying the per capita consumption estimates 
by projected population. Corn usage is based on the conver­
sion rate of 3.3 bushels of corn per 100 pounds of dextrose 
or glucose produced. 
Starch and cereal per capita consumption for 1985 is 
assumed to be the same as past averages. Cereal per capita 
consumption is assumed to be 2.3 pounds—the per capita con­
sumption of each year during the 1967-1977 period. The 1985 
per capita consumption of starch is estimated as the 1968-
1977 average of 1.9 pounds per capita. Bushels required per 
^Corn usage was not reported in this form after 1974. 
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pound of production of starch and cereal are estimated to be 
.0278 and .048, respectively. The conversion rate for cereal 
is based on the 1960-197% average. The conversion rate for 
starch is based on discussions with managers of wet-milling 
plants. 
High-fructose corn syrup (HPCS) is used as a food and 
beverage sweetener and has become a major substitute for sugar 
during the past decade. Per capita U.S. consumption of HPCS 
grew from less than one pound in 1970 to 11 pounds by 1979 [73]. 
Per capita consumption for 1985 is projected by equation 21. 
H = -1.301 + .739-T^'^^ (21) 
(.554) (.061) 
where 
H = Per capita consumption of HFCS in pounds [73] 
T = Time; 1967-1978 is represented by 1-12, 
inclusively 
Per capita consumption for I985 is estimated to be 22.347 
pounds hence total U.S. consumption is projected to be 5-336 
billion pounds- The conversion rate of 3-3 bushels per cwt. 
of HFCS means that 176 million bushels of corn is needed for 
HFCS production. 
Ethyl alcohol (ethanol) is being used as a liquid fuel 
substitute. Ten percent ethanol and 90 percent gasoline is 
being mixed and sold as "gasohol." The type of organic mate­
rial that can be used to produce ethanol is almost unlimited 
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and has included such commodities as grain sorghum, sugar 
beets, molasses, wheat, and potatoes but the input that has 
been used for most ethanol production is corn. 
Gasohol production has been subsidized by federal and 
state governments through exemptions from excise and sales 
taxes, investment tax credits, research and development 
programs, grants, inexpensive loans, and loan guarantees. 
These subsidies encouraged many plant starts and expansions 
that began in 1979. 
The uncertainty involved in future government subsidies 
and technological changes makes future ethanol production dif­
ficult to project. For this study, a projection of 200 mil­
lion bushels is assumed which nearly offsets the surplus implied 
by the other corn demand and supply projections. 
Total projected corn usage, by product, is shown in Table 
15. Two general types of plants are used to process corn—dry 
milling plants and v;et milling plants. The respective prod­
ucts that can be produced by each type of plant are shown. 
Location and capacity of individual non-ethanol wet-mill-
ing plants are obtained from Milling and Baking News [13] and 
two unpublished Iowa State University Surveys [6, 43]. 
Ethanol wet-milling capacities are based on the plant 
projects that were given government loan guarantees as of late 
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Table 15. Projected 1985 corn utilization for industrial 
processing by product in millions of bushels 
Processing Corn utilization 
Dry Milling 
Meal 173.52 
Cereal 26.38 
Wet Milling 
Dextrose 47.17 
Glucose 286.72 
Starch 12.62 
High-Fructose Corn Syrup 176.09 
Ethanol 200.00 
TOTAL 922.50 
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1980 [20]. Based on these data, processing capacities (in 
bushels/year) are estimated for each plant. Total corn usage 
for wet processing is divided among the plants according to 
the capacity estimates. The proportion of total projected corn 
used for wet processing that is processed by an individual 
plant is equal to that plant's proportion of total wet milling 
capacity. 
Location of dry milling plants are obtained from Milling 
and Baking News [19]. Data concerning the capacity of these 
plants were not found. Total dry milling corn utilization is 
divided evenly across the individual plants. 
Soybean crushing 
Projected soybean crushings is a function of soybean ex­
ports. The 196O-I977 series was used. 
SC = 327.31 + .91-SE (22) 
(21.101) (.041) 
where 
SC = Estimated total U.S. soybeans crushed in 
millions of bushels [64] 
SE = Soybean exports from U.S. in millions of 
bushels [64] 
1985 soybean exports are projected by the U.S.B.A. [6I] 
to be l,04l millions of bushels, therefore, SC of equation 
(22) is equal to l,24l. 
Location and plant capacities of individual soybean pro­
cessors are based on American Soybean Association [1], Sharp 
[47], and an unpublished Iowa State University survey [4]]. 
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The proportion of total soybean crushlngs for an individual 
plant is equal to the plant's proportion of total crushing 
capacity. 
Wheat milling 
Total 1985 wheat utilization for industrial processing 
was based on U.S.D.A. estimates [63]. The feed and seed 
estimates that are described in the next section were sub­
tracted from the total domestic use projection of U.S.D.A. 
This residual quantity yielded a projection of 621 million 
bushels of wheat for processing. 
Regional division of wheat processing is based on 1979 
plant capacities [84]. Each plant's production proportion of 
total millings is the same as the plant's proportion of total 
capacity. 
There are wheat supply regions in the model that do not 
reflect only the quantities produced and demanded within the 
respective region. Quantities are subtracted from these CRD 
surpluses to reflect processing demands that are not accounted 
for in the model. The demands are not included in the model 
because 1) the rail rate structure that domestic-bound wheat 
uses is very nebulous and 2) many small millers in the south­
eastern and northeastern U.S. create a sizeable demand overall 
but are almost insignificant when examined on a CRD basis or a 
similar delineation that makes transport rate assignments 
meaningful. 
The locations that have non-local wheat processing demands 
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that are included in regional supplies of the model are shown 
in Table 16. The states that these demands are assigned to 
are presented in Table 17. The allocations are based propor­
tionally to the surpluses that exist in each state. 
Feed and seed usage 
Corn and wheat feed consumption is initially estimated by 
livestock category and by CRD for 1977. The livestock cate­
gories consist of milk cows and other dairy; cattle on feed; 
other beef; sheep; hens, pullets, and chickens; broilers; 
turkeys; and hogs. The 1977 feed consumption by these live­
stock categories (sheep is divided into two categories) is 
estimated by the U.S.D.A. for 10 regions of the U.S. [62]. 
Regional feed consumption is broken down by state in propor­
tion to the reported state inventories or marketing that are 
published in Cattle [65], Cattle on Feed [66], Hogs and Pigs 
[72], Milk Production [67], Poultry and Egg Situation [69], 
and Sheep and Lambs on Feed [68]. Horse and other livestock 
feed is distributed in proportion to corn consumed by all 
other categories. 
Feed consumed within each CRD of a state is based on the 
4 
state's annual crop and livestock reporting bulletin or on data 
reported, on a county basis, in the 197^ Agricultural Census 
[77]. If the state bulletin reported livestock numbers by CRD 
and by the appropriate livestock category, then these data 
4 
"Compiled and published by each state's Department of 
Agriculture in conjunction with the U.S.D.A. Cooperative Service. 
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Table 16. City or region proportions that are used for exog­
enous transportation flows by location and type of 
wheat 
Type of wheat 
City or Region Spring Hard-red Soft-red 
winter winter 
Buffalo 1 • « « 
Chicago .3 .7 • • • 
New Orleans 
.3 .7 • • • 
Northeast • • • • • • 1 
Northwest 1 • • • • • • 
Southeast .3 .7 • • • 
St. Louis .5 .5 • > • 
Virginia .5 .5 • 
Table 17. Estimated wheat for processing outside supply re­
gions by type of wheat and state in millions of 
bushels 
Type of wheat State Quantity 
Spring Minnesota 130.7 
North Dakota 298.7 
South Dakota 66.6 
Hard-red winter Kansas 302.0 
Missouri 60.0 
Oklahoma 222.0 
Soft-red winter Illinois • 35.0 
Indiana 28.6 
Michigan 52.8 
Ohio 22.3 
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were used to divide the state's feed consumption into CRDs 
in proportion to the reported marketings or inventories within 
the CRD. Otherwise, the state feed consumption is divided 
according to county data that is reported in the 197^ census. 
Total corn and wheat feed consumption is estimated to be 3970 
and 158 million bushels, respectively, for 1977 by the U.S.D.A. 
[ 6 2 ] .  
Projected 1985 feed consumption of corn is equal to 4,554 
million bushels [63]—a factor of 1.147 over 1977. The 1985 
feed consumption for a region is estimated by multiplying by 
the regions 1977 estimated consumption. 
Seed usage and planted acres are projected by Beaulieu 
[ 7 ]. Seed usage is estimated at one bushel per planted acre 
for all crops; planted acres are described by Beaulieu. 
Production^ 
Production projections are estimated as follows: 
1. Total planted acres by crop and by state are 
projected initially as a function of time, 
exports, and other crop acreages. 
2. The projected planted acreage is then adjusted 
due to land constraints. 
3. Harvested acres are a function of projected 
planted acreage. 
'Jeffrey R. Beaulieu conducted the statistical work asso­
ciated with the production projections. The methods are re­
ported in more detail in Beaulieu [7]. 
97 
4. State yields are projected as a function of time. 
5. State production Is projected by multiplying 
the projected state yield-times the projected 
number of harvested acres. 
6. CRD production is determined by past trends and 
then adjusted such that the total state production 
is equal to the sum of all of the state's CRD 
production. 
7. Production levels for each region are then raised 
or lowered by a common factor such that total U.S. 
production is equal to the level desired by the 
U.S. Department of Transportation. U.S. corn, soybean 
and wheat production levels are set at 8,353, 2,359, 
and 2,437 million bushels, respectively. 
CRD subdivision and intertemporal allocations 
The surplus quantities that are assigned to subdivisions 
within CRDs are based on county production in 1978 or the 
approximate area within the subdivision. County production 
estimates are based on the estimates provided by each state's 
annual crop and livestock reporting bulletin. 
Most subdivisions are based on the estimated proportion 
of CRD production that existed in the subdivision during 1978. 
That is, the CRD surplus is divided among the CRDs subdivisions 
in the same proportion as 1978 production. Table l8 presents 
these estimated proportions. If a proportion is listed for 
a "Second division" designation then the proportion is 
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Table 18. Estimated 1978 subdivision proportions of CRD 
crop production by CRD, type of division, and 
crop 
State CRD First 
division 
Second 
division 
Proportion 
Beans Corn Wheat 
Illinois NE^ • K • .18 .20 
NE .50 • .50 
NE, S^ .50 .50 
NW^ .04 .14 
SE .41 .28 
SE N .50 .50 
SE S .50 .50 
SW .37 .38 
SW N .33 .33 
SW S .67 .67 
N .33 • 39 
SE. .15 .11 
SW .52 .50 
SW N .50 .50 
SW S .50 .50 
E^ .44 .38 
E N .50 .50 
S .50 .50 
W . 56 .61 
W N .70 .70 
W S .30 .30 
Northeast quadrant. 
Northern half. 
'Southern half. 
Northwest quadrant, 
'Southeast quadrant. 
"S o ut hwe s t quadrant• 
'Eastern half. 
h. Western half. 
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Table l8. (Continued) 
State CRD First 
division 
Second 
division 
Proportion 
Beans Corn Wheat 
5 E .49 .54 
E N .50 .50 
E S .50 .50 
VI .51 .46 
W N .50 .50 
w S .50 .50 
6 NE .28 .30 
NW .29 .26 
SE .25 .23 
SW .18 .20 
* 
7 NE .35 .38 .31 
NW .40 .39 .54 
SE .10 .14 .05 
SW .15 .10 .09 
40 NE .30 .33 .06 
SE .35 .26 . 60 
W .35 .41 .34 
60 NE .37 .40 .19 
NW .21 .25 .13 
SE .25 .23 .37 
SW .17 .12 .30 
Indiana 1 N . . .27 .34 • .50 
S . . .73 . 66 .50 
2 N .40 .46 
S . .60 .54 
3 N .52 .48 
S • .48 .52 
4 N . . .63 .60 .48 
S .37 .40 .53 
5 N .57 .49 .45 
S . . .43 .51 .55 
6 N .64 .48 .60 
S . . .35 .52 .40 
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Table 18. (Continued) 
State CRD 
7 
8 
First 
division 
N 
S 
N 
S 
Second 
division 
Proportion 
Beans Corn Wheat 
,42 
.58 
.57 
.42 
.47 
.53 
.45 
.55 
• 49 
.51 
Iowa NE-E^ 
NE-W 
NW 
SE-E 
SE-W 
SW 
SW 
SW 
NE-E 
NE-W 
NW-E 
NW—W 
SE-E 
SE-W 
SW-E 
SW-W 
NE 
NW 
SE 
SW 
E 
W 
,12 
.10 
. 2 2  
.17 
.15 
.23 
.50 
.50 
.10 
.11 
.11 
.09 
.11 
.13 
.17 
.18 
.06 
.31 
.19 
.44 
.09 
. 0 9  
,24 
.13 
.13 
.31 
.50 
.50 
.10 
.11 
.11 
.08 
.13 
.14 
.16 
. 16 
.18 
. 2 2  
.34 
.27 
NE-NE 
NE-NW 
NE-SE 
NE-SW 
NW-NE 
>TT.r-mr 
NW-SE 
NW-SW 
SE-NE 
SE—NW 
SE-SE 
.15 
.09 
.07 
.05 
.05 
.06 
.07 
.04 
.07 
.05 
.05 
.19 
.08 
.04 
.04 
.07 
.13 
.05 
.04 
.04 
.04 
.05 
^The eastern half of the northeast quadrant. 
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Table 18. (Continued) 
ProDortion 
State CRD First 
division 
Second 
division 
Beans Corn Wheat 
SE-SW .04 .06 
SW-NE .04 .05 
SW-NW .04 .04 
SW-SE .07 .09 
SW-SW .09 .09 
NE-NE .08 .08 
NE-NW .08 .09 
NE-SE .04 .05 
NE-SW .03 .04 
NW-NE .11 .09 
NW-NW .07 .05 
NW-SE .05 .04 
NW-SW .12 .10 
SE-NE .04 .05 
SE-NW .03 .04 
SE-SE .05 .06 
SE-SW .06 .09 
SW-NE .05 .04 
SW-NW .05 .04 
SW-SE .06 . 06 
SW-SW .07 .07 
E . 6l .69 
W-NE .08 .05 
W—ÎTW .20 .12 
W-SE .05 .05 
W-SW .06 .09 
NE .24 .30 
NE N .50 .50 
NE S .50 .50 
NW .29 .31 
SE .18 . 16 
SW .29 .23 
NE-N .19 .21 
NE-S .05 .06 
NW-N .19 .21 
NW-S .06 .07 
SE .13 .11 
SW .36 .34 
NE . .28 .34 
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Table 18. (Continued) 
State CRD First 
division 
Proportion 
Second 
division 
Beans Corn Wheat 
N¥ 
SE 
SW 
30 
,19 
,22 
.33 
.17 
.17 
Kansas 1 E . . . . .  .27  .37 
W . . . . .  .73  .63 
2 cJ . . .37 
E . . .28 
W . . .35 
4 E . . .42 
W . . .58 
5 C . . .34 
E .30 
W . . .36 
6 E . . .34 
W . . . 66 
7 E . . . . .  .33  .56 
W . . . . .  .67  .44 
8 E . . . . .  .22  .66 
W . . . . .  .78  .34 
9 E . . .41 
W . , .59 
Kentucky NE 
NW 
SE 
SW 
, 2 6  
.29 
.30 
.15 
,26 
,44 
,21 
.09 
Michigan N 
S 
,02 
.98 
,44 
.56 
^Central. 
103 
Table 18. (Continued) 
Proportion 
State CRD First Second Beans Corn Wheat 
division division 
S  . . .  . 4 4  . 5 5  .  .  .  
9 N 41 .33 
S  . . .  . . .  . 5 9  . 6 7  
Minnesota 1 N ... 6l 
S  . . .  3 9  
4 N 64 
S 36 
5  N  . . .  . 0 3  . 2 4  . 1 0  
S ... .97 .76 .90 
7  N E  . . . .  . 3 2  . 2 2  . 3 5  
NW ... .14 .25 .46 
SE ... .36 .22 .13 
sw ... .18 .31 .06 
8  NW  . . .  .28  . 2 1  .  .  .  
NE ... .15 .24 . . . 
SW  . . .  .29  . 2 9  .  .  .  
SE  . . .  .28  . 2 5  .  .  .  
Missouri 1 N ... .32 .50 .65 
S  . . .  . 6 8  . 5 0  . 3 5  
2  N E  . . .  .19  . . .  .10  
N W  . . .  .21  . . .  .17  
S E  . . .  .22  . . .  .22  
S W  . . .  .38  . . .  .51  
4 N ... .60 . . . .66 
S  . . .  .40  . . .  .34  
5  N E  . . .  .23  . . .  .30  
N W  . . .  .73  . . .  .57  
S E  . . .  .01  . . .  .05  
S W  . . . .  . 0 3  . . .  . 0 8  
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Table 18. (Continued) 
Proportion 
State CRD First Second Beans Corn Wheat 
division division 
Nebraska 1 N 
S 
.25 
.75 
.27 
.73 
2 N 
S 
.84 
.16 
3 E 
W 
. . .36 
. . .74 
.49 
.51 
• 
5 NE 
NW 
SE 
SW 
. . .  
.20 
.15 
.36 
.28 
• 
6 E 
W 
. . .82 
. . .18 
.27 
.63 
• 
7 N 
S 
.41 
.59 
.44 
.56 
8 E 
W 
.53 
.47 
.48 
.52 
9 E 
W 
. . .64 
. . .36 
.27 
.73 
.39 
.61 
North 
Dakota 5 N 
S 
80 
.20 
6 N 
S 
.71 
.29 
9 E 
W 
.40 
,60 
Ohio 1 NE 
N¥ 
SE 
SW 
. . .24 
. . .22 
. . .23 
.31 
.27 
.25 
.21 
.26 
.25 
.24 
.22 
.29 
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Table 18. (Continued) 
State CRD 
Proportion 
First 
division 
Second 
division 
Beans Corn Wheat 
2 NE .19 .18 .16 
NW .31 .23 .24 
SE .13 .26 .19 
SW .36 .33 .40 
3 E .75 .62 
W .25 .38 
• 
4 N .48 .42 .53 
S .52 . 58 .47 
5 N .58 .49 .48 
S .42 .51 .52 
Oklahoma 
Oregon 
2 
4 
E 
W 
N 
S 
N 
S 
NW 
SE 
SW 
NE 
NW 
SE 
SW 
65 
35 
,44 
.56 
,61 
.39 
.44 
.09 
.38 
.09 
.38 
.51 
.09 
.27 
South 
Dakota E 
W 
93 
,07 
.70 
.30 
Texas NE 
NW 
S 
,40 
,16 
,80 
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Table l8. (Continued) 
Proportion 
State CRD First Second Beans Corn Wheat 
division division 
Washington 2 NE ... 3^ 
NW 10 
SE 23 
SW 26 
5 C 30 
N 34 
NW 07 
5% 09 
WC^ 20 
9 N 52 
S 22 
SW 26 
Wisconsin 8 E ... .50 .46 . , . 
W  . . .  . 5 0  . 5 4  .  .  .  
^West-central. 
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based entirely on the area's estimated land proportion. The 
proportions listed for "First division" designations are 
based on county production. 
Grain available for transportation to demand regions 
is estimated on an annual basis, i.e., specifications regard­
ing the intra-year time period in which the grain must be 
transported is not made. But the grain demands assigned to the 
demand regions are defined by time periods. Except for soy­
bean processing, demands are assumed to be distributed uni­
formly through time." Soybean processors tend to acquire a 
disproportionate amount of soybeans during and immediately 
after harvest. According to U.S.D.A. estimates [75], U.S. 
processors received an average of 39.6 percent of their annual 
receipts during the October through. December period in 1970-
1976 (receipt data after this period were not reported). Re­
ceipts during the remainder of the year were spread fairly 
evenly. 
This study assumes that 40 percent of the soybeans for 
processing are received during the October through December 
period and the remaining 60 percent are received uniformly 
during the rest of the year. 
Export demands 
1985 export demands are projected on a percentage share 
basis. For each crop, an OLS time-series regression equation 
is estimated which is used to project a foreign area's share 
of 1985 U.S. exports. 
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Scat = ^ca + bcaTt (23) 
where 
Scat " Proportion of U.S. exports of crop c 
that was Imported by foreign area a 
in time t 
a^^ = Estimated intercept of the equation that 
applies to crop c and foreign area a 
b^a = Estimated slope of the equation that 
applies to crop c and area a 
= Time variable at time period t; t = 
1960-1978 
Mexico, Central America, South America, Western Europe, 
Eastern Europe, Middle East, Far East, Africa, and U.S.S.R. 
are the area delineations when the crop is corn. The same 
country groupings are used for wheat except that U.S.S.R. 
and Eastern Europe are combined. Central America, Western 
Europe, Eastern Europe (U.S.S.R. included). Far East, and 
"other countries" are the country groupings that are used for 
soybeans. 
The data used to determine each year's percentage were ob­
tained from a Foreign Agricultural Service tape [70] for corn 
and wheat. Soybean data were collected by Robert N. Wisner 
from various issues of Grain Market News [55]. Exports that are 
reported as destined to Canada^ are assumed to be destined to 
According to Professor Robert N. Wisner, Economics Depart­
ment, Iowa State University, the reported Canadian-bound ship­
ments are mostly transhipped to other countries. 
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Western Europe. 
Table 19 presents the 1985 projected shares by crop and 
foreign area. The total share of exports across all countries 
equals 96-90 and 97.82 percent for corn and wheat, respectively. 
The differences between 100 percent and these totals are added 
to the Far East share. Far East shares are increased because 
of the large potential growth in this export market through 
possible government agreements. 
Table 19. rProjected percentages of 1985 U.S. grain exports to 
destination areas by crop 
Destination 
area 
Corn Wheat Soybeans 
Mexico 2.30 1.72 -a 
Central America 1.13 3.23 —3, 
South America 0.62 14.63 2 . 8 8  
Western Europe 27.25 7.80 5 7 . 7 3  
Eastern Europe 13.29 19.43 6.64 
Middle East 0.66 9.19 -b 
Far East 28.72 32.30 25.38 
Africa 0.63 9.52 -c 
U.S.S.R. 22.30 -d -d 
Other -c -c 7.37 
TOTAL 96.90 97.82 100.00 
^Included with South America. 
^Israel was the only Middle East country with reported 
imports. Israel's imports were included with Western Europe's 
imports. 
Q 
None reported. 
^Included with Eastern Europe. 
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The shares shown in Table 19 are grouped further for use 
in the model. Table 2 0 presents the groupings and the export 
amounts to each group by crop. The groupings shown in Table 
20 are based on geographical proximity and ship rate similar­
ities . 
Table 20. Projected 1985 U.S. exports of grain to destination 
areas in millions of bushels 
Crop 
Area Corn Wheat Soybeans 
Mexico, Central and 
South America 113.99 306.54 28.96 
Western Europe 766.99 122.12 580.60 
Eastern Europe and 
U.S.S.R. 1001.73 304.20 66.78 
Africa and Middle 
East and Other 36.31 292.92 74.12 
Far East 895.62 539.82 255.25 
TOTAL 2814.63 1565.60 1005.71 
Total exports are equal to the supplies that are avail­
able for transport minus the domestic demands that must be 
satisfied. 
Regional Rail-Car-Days 
The location and size of multi-car grain loading facili­
ties are obtained from listings provided by various railroad 
companies. The railroad companies that provided this material 
were 1) Atchison, Topeka and Santa Pe, 2) Baltimore and Ohio, 
3) Burlington Northern, 4) Chicago and North Western, 5) Chica­
Ill 
go, Milwaukee, St. Paul, and Pacific, 6) Chicago Rock Island 
and Pacific, 7) Illinois Central Gulf, 8) Louisville and Nash­
ville, 9) Missouri Pacific, 10) Norfolk and Western, and 11) 
Union Pacific. The size, location, and groupings of these 
facilities are presented in Table 21. 
Initially, the model was designed so that rail-car 
facilities that were located close to regional boundaries 
were allowed to ship grain from the adjacent region(s). In 
order to reduce the model size and cost of finding a solution, 
the model was redesigned so that facilities are allowed to 
ship grain exclusively from the region in which they are 
located. 
Export Rail-Car-Days 
The method of projecting the number of rail cars avail­
able to move corn, wheat, and soybeans to export ports is 
illustrated in Table 22. 
The rate of 5000 cars per year of net additions to the 
rail-car fleet is much slower than the rate that has been 
experienced during recent years. According to the Association 
of American Railroads [3], the net additions of covered hopper 
cars have been 3,753, 13,066, 24,190, and 32,132 during 1977, 
1978, 1979, and 1980, respectively. The rate of 5,000 is much 
closer to the 1977 growth rate than the subsequent three years. 
The reason that a 5000 car rate-of-growth is assumed is because 
industry sources indicated that 1) rail-car orders have gone 
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Table 21, Maximum rail-car loading capacity per facility and 
number of facilities by state, CRD, and subdivision 
State CRD Quadrant Rail-car loading Number of 
capacity facilities 
7 26 6 
8 26 6 
9 • 26 9 
5 NE^ 100 4 
5 NE 125 1 
5 NW„ 125 1 
5 SE° 100 2 
6 NE 100 1 
6 NW 100 3 
6 NW 125 4 
6 SE 100 1 
6 SW^ 100 10 
6 SW 125 2 
40 NE 100 5 
40 W® 100 1 
60 NE 65 2 
60 NE 100 2 
60 NE 125 2 
60 NW 65 1 
60 NW 100 2 
1 N^ 65 1 
1 N^ 100 2 
1 S® 65 3 
1 
n 
S 100 
1 r\r\ 8 1 c. 
2 S 100 
j_ 
3 
3 N 100 1 
^Northeast quadrant of CRD. 
^Northwest quadrant of CRD. 
^Southeast quadrant of CRD. 
^Southwest quadrant of CRD. 
^Western half of CRD. 
^Northern half of CRD. 
^Southern half of CRD. 
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Table 21. (Continued) 
State CRD Quadrant Rail-car loading Number of 
capacity facilities 
3 S 100 4 
4 N 100 1 
h S 100 2 
5 N 100 7 
5 S 65 1 
5 S 100 2 
6 N 100 2 
7 N 65 1 
8 S 100 1 
1 NE 25 3 
1 NE 50 4 
1 NE 75 7 
1 NW 25 5 
1 N¥ 50 2 
1 SE 25 7 
1 SE 50 2 
1 SE 75 6 
1 SW 75 2 
2 NE 25 4 
2 NE 50 2 
2 NW 25 3 
2 NW 50 4 
2 NW 75 5 
2 SE 25 5 
2 SE 50 1 
2 SW 25 7 
2 SW 50 3 
2 SW 75 6 
3 NW 25 1 
3 SW 25 1 
3 SW 50 1 
4 NE 25 4 
4 NE 75 3 
4 NW 25 2 
4 NW 50 1 
4 NW 75 2 
4 SE 25 4 
4 SE 50 1 
4 SW 75 2 
4 SW 25 1 
5 NE 25 4 
5 NW 25 3 
5 NW 50 2 
5 NW 75 3 
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Table 21. (Continued) 
State CRD Quadrant Rail-car loading Number of 
capacity facilities 
5 SE 50 2 
5 SE 75 1 
5 SW 25 8 
5 SW 50 3 
5 SW 75 5 
7 NW 25 1 
7 NE 50 1 
8 NW 25 1 
8 SW 25 1 
8 SW 50 1 
3 . 50 1 
3 • • • 75 1 
5 . . .  75 3 
8 * . . 75 1 
4 100 1 
6 100 7 
8 S 100 1 
1 N 26 7 
1 S 26 1 
1 S 26 1 
4 N 26 5 
4 S 52 3 
4 S 26 1 
4 S 54 1 
5 S 54 1 
7 NE 25 2 
7 NE 75 2 
7 SE 25 4 
7 SE 50 2 
7 SE 75 2 
7 SW 25 3 
7 SW 75 1 
8 NE 25 1 
8 NW 25 3 
8 NW 75 1 
8 SE 25 2 
8 SE 50 3 
8 SE 75 2 
8 SW 75 3 
8 SW 25 1 
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Table 21. (Continued) 
State CRD Quadrant Rail-car loading Number of 
capacity facilities 
2 26 16 
3 26 1} 
5 26 3 
9 . 26 2 
1 N 50 2 
1 S 50 1 
2 N 25 2 
2 N 50 1 
3 W 25 2 
3 W 50 1 
3 W 75 2 
5 SE 25 7 
5 SE 50 2 
5 SE 75 3 
5 SW 25 1 
5 SW 50 2 
6 E^ 25 3 
5 E 50 3 
6 E 75 1 
6 W 25 10 
6 W 50 8 
6 W 75 3 
7 S 50 1 
8 E 25 1 
8 E 50 8 
8 £ 75 2 
8 w 50 1 
9 w 25 2 
9 w 50 2 
1 54 1 
1 26 4 
2 26 4 
2 26 2 
3 26 9 
3 26 3 4 26 2 
5 26 1 
6 26 2 
6 26 4 
^Eastern half of CRD. 
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Table 21. (Continued) 
State CRD Quadrant Rail-car loading Number of 
capacity facilities 
7 26 1 
9 26 1 
9 • 52 1 
1 NE 65 1 
1 NE 100 4 
1 NW 100 1 
1 SE 100 1 
1 SW 100 2 
2 NE 65 1 
2 NE 100 1 
2 NW 100 1 
2 SE 65 1 
2 SW 65 1 
2 SW 100 1 
4 N 100 5 
4 S 65 1 
4 S 100 3 
5 N 100 4 
5 S 100 3 
6 100 1 
7 S 100 1 
3 54 2 
3 26 2 
4 26 1 
5 26 1 
5 52 1 
9 26 4 
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down dramatically during 198O; these orders do not show up in 
production figures until up to a year later and 2) substantial 
rail-car surpluses in terms of idle rail car usage was ex­
perienced in 1980 and I98I. 
Five percent of the total rail cars is assumed to be in 
shop or not available for use at all times. Sixty percent of 
all rail cars is assumed to be available for corn, wheat, and 
soybean haulage. 
Table 22. Procedure for projecting the number of rail cov­
ered-hopper-cars available for corn, wheat, and 
soybean haulage 
Procedural step Rail cars 
July 1, 1981 Inventory 219,900^ 
Net additions to fleet ê 5000 per year 20,000 
Projected inventory 239,900 
Projected usable fleet 227,905 
Projected fleet used for all corn, 
wheat, and soybeans (60%) 136,743 
^•Source: [3]. 
Rail-Car Turn-Around Times 
The coefficients of the rail-car-day equations that are 
defined on pages 42 and 44 are a function of rail-car turn­
around-times (RTAT). RTAT functions are estimated by Beaulieu 
[7] as a function of mileage for 1-15, 24-30, 50-56, and 7'5-
125 cars per shipment. The RTATs estimated by these functions 
are assumed to decrease by 20 percent by 1985. These quicker 
turn-around times are reflected in the model by increasing the 
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RCD RHS values by 20 percent. 
Given the RTAT functions, mileage must be provided for 
each rail shipment that is destined to export ports and/or 
originates from multi-car loading facilities. 
Rand McNally maps [44, 45] are used for routing to find • 
mileages. Rail lines are selected by the criteria outlined 
in Final Standards, Classifications, and Designations of Lines 
of Class I Railroads in the United States [78] . Category A 
mainlines, category B mainlines, and category A branchlines 
are used to route the rail shipments. 
An A mainline must meet three criteria. It must 1) carry 
a minimum of 20 million gross ton-miles per year, 2) provide 
major transportation zone connectivity, and 3) be an essential 
part of the national defense mainline requirements. B main­
lines carry between five and 20 million gross tons while A 
branchlines carry less than five million gross tons but at 
least one million. Routing is done primarily on A mainline and 
B mainline lines. A few routes require the use of B branchlines 
or nondesignated lines which are used only if they meet the 
minimum weight requirement needed to haul covered hopper cars. 
The Official Railway Equipment Register [40] is used to 
identify interchange points. The tradeoff between incurring 
an interchange or taking a longer alternate route is given a 
value in terms of miles for each of the five regions within 
Rail Carload Cost Scales 1975 [80]. In Region I, for example, 
if travel is any farther than thirty miles to avoid an addi­
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tional interchange, cost is minimized by incurring the inter­
change . 
Table 23 illustrates some turn-around-times by shipment 
size from major grain producing regions. 
Table 23. Projected rail turn-around-times from selected major 
grain producing regions to export area by size of 
shipment in days 
Export locations and shipment size 
Pacific 
Region Gulf Northwest Lakes 
1 25 75 1 25 75 1 25 75 
Central 
Iowa 25 .0 18 .8 15 .5 32 .6 23 .0 19 .1 15. 8 13. 2 10 .8 
Central 
Illinois 22 
.7 17 .4 14 .3 34 .6 24 .1 20 .1 8. 7 8. 4 8 .4 
Central 
Nebraska 24 .3 18 .4 15 .1 30 .4 21 .8 18 .1 20. 2 16. 0 13 .1 
Central 
North 
Dakota 30 .8 22 .2 18 .4 28 .5 20 .8 17 .2 17. 5 14. 3 11 .7 
Central 
Montana 31 .4 22 .4 18 .5 24 .2 18 .4 15 .1 23. 5 17. 9 14 .7 
Barge-Days and Barge Turn-Around-Times 
An ordinary-least-square regression equation is used to 
project the total number of covered-hopper-barges for 1985. 
ln(B) = 3.828 + 1.613 ln(t) (24) 
(.201) (.074) 
where 
ln(B) = Natural log of dry cargo barges [35, p. 15] 
ln(t) = Natural log of time t; t = 1-25 which 
represents 1954-1978 
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Equation 24 yields 11,696 dry cargo barges for 1985. Seventy 
percent of the total barge fleet (8187 barges) is assumed to be 
available to transport corn, wheat, and soybeans. Eighty per­
cent of the 8187 barges is assumed to be available for barge 
movements under contract rates; 20 percent of the barges can 
be used under spot rates. Spot- and contract-barge-days are 
reported in Table 24 by period. 
Table 24. Projected contract- and spot-barge-days available 
by period 
Barge days Winter period^ Non-winter period^ 
Contract-barge 
days 597,651 1,792,953 
Spot-barge 
days 149,413 448,239 
^91.25 days are assumed. 
• b 273.75 days are assumed. 
Barge turn-around-times are estimated by Beaulieu [7] and 
are based primarily on industry consultation. 
Port Capacities 
The unloading capabilities of port areas are based on a 
survey of individual port elevators that was conducted and 
reported by Dezik and Fuller [18]. Dezik and Fuller report 
the location, elevator name, storage capacity, ship-loading 
rate, truck-, rail-, and barge-receiving rates of U.S. export 
port facilities that handle grain. The receiving rates are 
reported in bushels per hour. 
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Unloading capacities for this study are estimated by 
port areas, time period, and by transport mode. The port 
groupings and total bushel unloading capacity per area are 
presented in Table 25- A work week of 136.9 hours, which 
is the average peak-load week found by Puller [23], is used 
to determine the receiving capacities for the periods speci­
fied in the model. 
Lock and Dam 26 
Lock and Dam 26 at Alton, Illinois is the most severe 
bottleneck on the Mississippi river system. According to rep­
resentatives at the Army Corp of Engineers, the heaviest utili­
zation of Lock and Dam 26 was during the July-September quarter 
of 1980; approximately 12 million tons of grain moved through 
the system during this period. For 1985, a maximum of 12 mil­
lion bushels, per quarter, of corn, wheat, and soybeans are 
allowed to move through this lockage system. Therefore, 12 
million bushels are allowed to traverse Lock and Dam 26 during 
the winter quarter and 36 million during the non-winter period. 
Inventory 
The inventory constraint's RHS value (1^^) is determined 
by equation 25. 
-^tO ' [(Sg - Cg - Og . Pg)/ P„ 1 • PP^ (25) 
where 
= 1977 bushel storage capacity of region 0 
= Average bushel carryover for all crops in 
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Table 25- Grain receiving rates by port area and mode in one 
thousand bushels per hour& 
Port Area Rail Truck Barge 
receiving receiving receiving 
rate rate rate 
East Coast 
North of Hatterus 236.5 109.4 . . . 
South of Hatterus 45.0 33.0 ... 
Gulf of Mexico 547-2 229.0 496.3 
West Coast, California 93.5 85.0 ... 
West Coast, Oregon and 
Washington 231.1 73.6 152.7 
Great Lakes 
Duluth 65.0 83.7 
Chicago 48.0 64.4 
Milwaukee 27.0 14.0 
Saginaw 25.0 37.0 
Toledo 70.0 160.0 
^Source: [18]. 
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1976 and 1977 for region o 
0 = Average bushel production of crops other 
than corn and soybeans in 1976 and 1977 
for region o 
= Average bushel crop production of corn 
and soybeans in 1976 and 1977 for re­
gion 0 
PP^ = 1984 projected bushel production of 
corn and soybeans for region o 
S is the 1977 grain storage capacity for region 0. 
Storage capacity for each region is determined by aggregating 
the region's county bushel storage capacities that are re­
ported in Grain Storage Capacity Survey [60] . The categories 
of storage that were included were "shelled corn, other feed-
grains, oilseeds" and "wet storage for high moisture grain." 
C values are determined by allocating state carryover 
[71] to the intrastate regions in proportion to the regional 
shares of state storage capacity. 
Three important assumptions of this procedure are that 1) 
there will be storage available for crops other than corn and 
soybeans, 2) the proportional relationship between storage 
capacity and corn and soybean production that existed for 
1976/1977 will exist for 1984, and 3) the proportional rela­
tionship between storage capacity and carryover is equal 
across regions within a state. 
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Mao 16 shows the I, values that are determined. A to 
total of 106.4 million bushels are forced to be transported 
during period F. ^ 
J 
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Map 16. I_ values by region in million bushels 
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CHAPTER V. RESULTS 
The impact of alternative waterway user charges in 1985 
is analyzed by comparing the optimal basic feasible solution 
of the linear programming model that does not incorporate the 
additional costs that are implied by the user charges (base 
solution) to the solutions of the models that do reflect 
various waterway user taxes. 
The results are presented in the following four sections. 
The first three sections summarize 1) the physical movements, 
2) the costs and revenues associated with the movements, and 
3) some barge-rate elasticities of barge shipments. The last 
section reviews the effectiveness of various constraints. 
Activity Levels 
Activity levels of the optimal solutions are by mode, 
origin, destination, time period, and crop. A summary 
of these levels that concentrates on barge shipments is pre­
sented in this chapter. A more detailed breakdown of 
activity levels is shown in APPENDIX B. 
Table 26 helps to put things in perspective by showing 
the annual barge shipments by crop and river segment during 
recent navigation seasons. The following three subsections 
examine the projected effects of user taxes on each crop by 
river segment. 
Table 26. Annual barge shipments of grain by river in millions of bushels, 
1977-19819 
1977-1978^ 1978-1979^ 1979-1980^ 1980-1981^ 
River Wheat Corn Beans Wheat Corn Beans Wheat Corn Beans Wheat Corn Beans 
Upper 
Miss. 69. 1 218. 3 59. 0 57 , 0 
CO 1—1 CO 
5 122 .9 60. 8 421. 6 90. 8 63. 3 499. 6 161. 2 
Lower 
Miss. 95. 0 65. 1 150. 3 55, .2 59. 2 123 .4 75. 3 50. 8 145. 5 137. 6 44. 1 135. 0 
Missouri 28. 5 5. 2 3. 2 31. 5 2. 9 7 .7 35. 8 3. 4 5. 0 31. 2 3. 1 3. 0 
Illinois 18. 2 434. 3 77. 9 2, .5 390. 5 81 .8 8. 6 408. 6 82. 5 16. 1 401. 9 104. 8 
Ohio 23. 5 120. 7 50. 1 11, .3 135. 0 59 .3 10. 7 85. 4 49. 3 33. 6 55. 7 1 2 .  3 
Colum-
bla° 123. 3 0. 0 0. 0 141. 5 0. 0 0 .0 150. 4 0. 0 0. 0 178. 2 0. 0 0. 0 
TOTAL 357. 6 843. 6 340. 5 299. 0 906. 1 395 .1 341. 6 969. 8 373. 1 460. 0 1,004. 4 476. 3 
^Source: [53, 56, 57, 58]. 
^Year begins with the week that includes April 1. 
^Snake River barge shipments are included. 
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Corn diverted from river segments 
Table 27 shows the estimated 1985 bushels of corn that 
are transported by barge and river segment; the 1978-1981 four 
year average for each segment is also shown. 
Corn shipments of 735 million bushels on the Upper Missis­
sippi in the base solution seem extraordinarily large when com­
pared to the four year average (365 million) yet, given that 
over 500 million bushels were barged on the Upper Mississippi 
in 1981 and that the average annual increase on the Upper Mis­
sissippi has been approximately 9^ million bushels during the 
1978-1981 period (Table 26), the base solution level does not 
appear to be unreasonable. The total bushels of corn shipped 
by barge in the scenario with the largest diversion (segment 
tax, no railroad response) is 64 million bushels above the 
1980/81 level and 23-3 percent below the base solution. 
There are two basic types of substitution which causes 
barge shipments to decrease when barge rates increase. First, 
an exclusively modal substitution between truck- or rail-
barge shipments and direct truck or rail shipments to export 
ports may occur. The destination(s) of an originating re­
gion's grain does not change but the amount of grain that is 
transported by barge decreases. This exclusively modal sub­
stitution is illustrated by Maps 11-15 in CHAPTER IV. 
The second type of diversion involves market or destina­
tion substitution in conjunction with modal substitution. For 
example, diversion of corn on the Upper Mississippi River 
Table 27. Average 1977-1981 and projected 1985 barge shipments of corn by river 
and solution in thousands of bushels 
Segment tax 
River Pour year 
average 
1977-81^ 
Base Fuel 
tax 
Fuel-
segment 
tax 
No railroad 
response 
50 Percent 
railroad 
response 
100 Percent 
railroad 
response 
Upper 
Miss. 364,519 734,490 607,350. 
(-17.3) 
574,560 
(-21.8) 
563,600 
(-23.3) 
607,920 
(-17.2) 
617,250 
(—16.0) 
Lower 
Miss. 54,807 43,510 43,510 
(0) 
43,510 
(0) 
43,510 
(0) 
43,510 
(0) 
43,510 
(0) 
Illinois 408,830 458,200 414,280 
(-9.6) 
417,910 
(-8.8) 
417,910 
(-8.8) 
434,440 
(-5.2) 
452,350 
(-1.3) 
Missouri 3,656 8,590 2,140 
(-75.1) 
2,140 
(-75.1) 
2,140 
(-75.1) 
2,l40 
(-75.1) 
2,l40 
(-75.1) 
Ohio 99,191 128,730 116,200 
(-9.7) 
118,190 
(-8.2) 
118.190 
(-8.2) 
128,730 
(0) 
128,730 
(0) 
Snake-Co­
lumbia 0 0 0 0 0 0 0 
Arkansas -c 0 0 0 0 0 0 
TOTAL 931,003 1 ,373,520 1,183,480 1 
(-13.8) 
,156,310 
(-15.8) 
1,145,350 
(-16,6) 
1,216,740 
(-11.4) 
1,243,930 
(-9.4) 
^Based on estimates reported in Table 26. 
^Percentage change from base solution, 
'Arkansas River grain shipments are reported as part of Lower Mississippi 
River shipments. 
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declines to 17.2 and 16.O percent under the segment tax with 
a 50 and 100 percent rail rate response. The corn that is 
diverted from the Upper Mississippi in the rail rate response 
solutions is essentially either 1) corn from Minnesota that 
is diverted to Lakes ports for export,^ or 2) corn from western 
Iowa—which is transported by rail to eastern Iowa barge load­
ing facilities in the base solution—that displaces Nebraska 
corn shipped to domestic livestock and processing demand 
points. The displaced Nebraska corn is shipped by rail to 
Gulf ports. 
No corn is diverted from the Middle and Lower Mississippi 
River under any user charge scenario. The maximum diversion 
from the Illinois and Ohio Rivers (9.7 percent) occurs in the 
fuel tax scenario on the Ohio River. Corn diversion falls to 
less than nine percent under the combination fuel-segment and 
segment tax with no railroad rate response but under the 100 
percent rail response solution there is no corn diversion from 
the Ohio River and I.3 percent from the Illinois River. The 
largest percentage diversion of corn (75 percent) takes place 
on the Missouri River but the absolute amount diverted (6.5 
million bushels is only 3.4 percent of total corn diversions. 
Soybeans diverted from river segments 
Under the base solution, total 1985 barge shipments of 
soybeans (Table 28) are projected to increase about I8 percent 
^As discussed in CHAPTER IV, rail rates are not increased 
to the Great Lake Ports under the rail rate response models. 
Table 28. Average 1977-1981 and projected 1985 barge shipments of soybeans by 
river and solution in thousands of bushels 
Segment tax 
River Four year 
average 
1977-81^ 
Base Fuel 
tax 
Fuel-
segment 
tax 
No railroad 
response 
50 Percent 
railroad 
response 
100 Percent 
railroad 
response 
Upper 
Miss. 108,468 175,220 137,950. 
(-21.3) 
124,800 
(-28.8) 
115,850 
(-33.9) 
130,940 
(-25.3) 
131,360 
(-25.0) 
Lower 
Miss. 138,560 154,660 139,080 
(-10.1) 
139,080 
(-10.1) 
139,080 
(-10.1) 
153,700 
(-0.6) 
154,660 
(-0.0) 
Illinois 86,739 70,370 67,060 
(-4.7) 
65,050 
(-7.6) 
66,860 
(-5.0) 
70,370 
(0) 
70,370 
(0) 
Missouri 4,728 7,260 1,490 
(-79.5) 
0 
(-100) 
0 
(-100) 
1,490 
(-79.5) 
6,750 
(-7.0) 
Ohio 59,752 61,340 61,340 
(0) 
61,340 
(0) 
61,340 
(0) 
61,340 
(0) 
61,340 
(0) 
Snake-Co­
lumbia 0 0 0 0 0 0 0 
Arkansas -c 0 0 0 0 0 0 
TOTAL 398,247 468,850 406,920 
(-13.2) 
390,270 
(-16.8) 
383,130 
(-18.3) 
417,840 
(-10.9) 
424,040 
(-9.6) 
^Based on estimates reported in Table 26. 
^Percentage change from base solution. 
'Arkansas River grain shipments are reported as part of Lower Mississippi 
River shipments. 
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over the 1978-81 average. Most of the increase is projected 
to be on the Upper Mississippi River, however, most of the 
soybean diversion also occurs on the Upper Mississippi River. 
Assuming no rail rate response, a fuel tax causes 21 per­
cent of the base solution's Upper Mississippi soybean traffic 
to divert to other modes; diversion increases to about 29 
and 3^ percent under the fuel-segment and segment tax scenar­
ios. Barges regain about 15 and 16 million bushels if rail 
rates are increased by 50 and 100 percent of the segment tax 
cost effect but diversion still remains at about 25 percent. 
The reason for the large diversion under higher rail rates is 
that most of the soybean diversion under the high rail rate 
scenarios is to single-car rail shipments to Lake ports (rail 
rates to Lake ports are not increased). Nevertheless, pro­
jected total soybean shipments on the Upper Mississippi River 
under all user charge scenarios exceed the 108 million bushel 
average shipped on this river from 1978-1381. 
No soybeans are diverted from the Ohio River and rela­
tively small amounts are diverted from the Middle and Lower 
Mississippi and the Illinois River. The Missouri River has 
the largest percentage decrease again but the absolute amount 
is very small relative to total diversions. 
Wheat diverted from river segments 
Barge shipments of wheat are shown in Table 29. Total 
1985 barge shipments of wheat are projected to be about two 
percent under the 1978-1981 average in the base solution. Much 
Table 29. Average 1977-1981 and projected 1985 
and solution in thousands of bushels 
River Four year 
average 
1977-81^ 
Base Fuel 
tax 
Fuel-
segment 
tax 
Upper 
Miss. 62,571 32,750 27,720 
(- 1 5 . 4 )  
7,600 
(-76.8) 
Lower 
Miss. 90,790 78,110 78,110 
(0) 
78,110 
(0) 
Illinois 11,345 3,610 3,610 
(0) 
3,610 
(0) 
Missouri 31,755 49,830 23,780 
(-52.3) 
23,780 
(-52.3) 
Ohio 19,765 1,840 1,840 
(0) 
1,840 
(0) 
Snake-Co-
lumbia 148,362 169,160 160,460 
(-5.1) 
160,460 
(-5.1) 
^Based on estimates reported In Table 26. 
^Percentage change from base solution. 
barge shipments of wheat by river 
Segment tax 
No railroad 50 Percent 100 Percent 
response railroad railroad 
response response 
7,600 
(-76.8) 
7,600 
(-76.8) 
7,600 
(-76.8) 
78,110 
(0) 
78,110 
(0) 
78,110 
(0) 
3,610 
(0) 
3,610 
(0) 
3,610 
(0) 
23,780 
(-52.3) 
23,780 
(-52.3) 
49,830 
(0) 
1,840 
(0) 
1,840 
(0) 
1,840 
(0) 
160,460 
(-5.1) 
160,460 
(-5.1) 
162,600 
(-3.9) 
Table 29. (Continued) 
Segment tax 
River Four year Base Fuel Fuel- No railroad 50 Percent 100 Percent 
average tax segment response railroad railroad 
1977-81 tax response response 
Arkansas -c 21,900 5,220 5,220 0 5,220 21,900 
(-76.2) (-76.2) (-100) (-76.2) (0) 
TOTAL 3 6 4 , 5 8 8  357,200 300,740 280,620 275,400 280,620 325,490 
(-15.8) (-21.4) (-22.9) (-21.4) (-8.1) 
"^Arkansas River grain shipments are reported as part of Lower Mississippi 
River shipments. 
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of the projected increase in wheat production is in regions 
that are located away from the inland waterways. In conjunc­
tion with this geographical factor, the introduction of low 
cost unit train rates on wheat to West Coast and Great Lakes 
ports has made the inland waterways less competitive with 
respect to wheat movements. 
The Upper Mississippi River is estimated to have about 
15 percent of its wheat diverted to railroads and trucks under 
the fuel tax and over three-fourths under all segment tax 
scenarios. This river segment does not regain the lost wheat 
traffic if rail rates are increased because railroads and 
trucks haul the diverted wheat to Great Lakes ports. 
Over 50 percent of Missouri River wheat traffic is di­
verted in all user charge scenarios except under the 100 
percent rail rate response solution in which there is no 
diversion. The Arkansas River loses about three-fourths of 
its wheat traffic under the fuel, fuel-segment, and 50 per­
cent railroad response solutions. It loses all of its wheat 
traffic under the segment tax with no railroad rate response 
but regains all of its wheat traffic under the 100 percent 
rail response solution. 
The Columbia River loses about five percent of its pro­
jected wheat traffic under all user charge scenarios except 
under the 100 percent railroad response solution in which it 
loses only 3-9 percent. The projected 1985 Columbia River 
wheat traffic under all user charge scenarios exceeds its annual 
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average wheat traffic during 1978-1981. 
Modal shares 
Table 30 shows the estimated bushels of export corn, 
wheat, and soybeans that are transported by barge, truck, and 
rail. Total barge shipments in the base solution are pro­
jected to be about 2.20 billion bushels. This is about 13.4 
percent above the record 1.9% billion bushels transported by 
barge during April 1, 198O to March 31, 1981 and 30.4 per­
cent above the 1.68 billion bushels transported by barge from 
April 1, 1979 to March 31, 1980 (see Table 26). Direct rail 
shipments to export ports in 1985 under the base solution are 
projected to be about 2.57 billion bushels. This is 2 per­
cent above the 2.54 billion bushels of all grains shipped by 
rail in 198O [ 3 ]• 
Table 31 gives the percent of total exports by mode, 
crop, and solution; total shares, aggregated across modes, 
equals 100. The largest decrease in modal share, by crop, is 
the 2.2 percent change in truck-barge corn shipments under the 
fuel segment- and fuel-tax solutions; the largest increase (3.4 
percent) is in direct rail shipments of corn. Total modal 
shares change most dramatically under truck-barge and direct 
rail—reflecting the tradeoff between trucking to barge load­
ing facilities and transporting directly to export ports by 
rail. 
Table 30. Projected grain shipments to export ports by transport mode in millions 
of bushels 
Segment tax 
Transport Base Fuel Fuel- No railroad 50 Percent 100 Percent 
mode tax segment response railroad railroad 
tax response response 
Truck-Barge 1 , 9 2 5 .  6 1,707.9 
(-11.3) 
1,684.0 
(-12.5) 
1,678.9 
(-12.8) 
1,730.6 
(-10.1) 
1,799.9 
(-6.5) 
Rail-Barge 273. 9 183.2 
(-33.1) 
143.2 
(-47.7) 
125.0 
(-54.4) 
184.8 
(-32.5) 
193.6 
(-29.3) 
Total barge .2 ,199. 5 1,891.1 
(-14.0) 
1,827.2 
(-16.9) 
1,803.9 
(-18.0) 
1,915.2 
(-12.9) 
1,993.5 
(-9.4) 
Rail (direct) 2 ,572. 9 2,815.4 
(9.4) 
2 , 8 5 2 . 3  
(10.9) 
2 , 8 6 6 . 8  
(11.4) 
2,745.0 
( 6 . 7 )  
2,630.3 
(2.2) 
Truck (direct) 610. t 676.3 
(10.8) 
7 0 3 . 3  
(12.6) 
712.1 
(16.7) 
7 2 2 . 6  
(18.4) 
759.1 
(24.4) 
^Percentage change from base solution. 
Table 31. Projected 1985 percent of export grain by mode, crop, and solution 
Segment tax 
Mode and Base Fuel Fuel- No Railroad 50 Percent 100 Percent 
crop tax segment rate response railroad railroad 
tax rate response rate response 
Truck-Barge 
Corn 21.4 19.4 19.2 19.2 19.7 20.1 
Wheat 6.2 5.2 5.2 5.1 5.2 6.0 
Soybeans 7.8 6.7 6.5 6.5 6.6 6.6 
TOTAL 35.4 31.2 31.9 30.8 31.5 32.7 
Rail-Barge 
2.8 Corn 4.1 2.5 2.3 2.1 3.0 
Wheat 0.5 0.4 0.0 0.0 0.0 0.0 
Soybeans 0.5 0.5 0.4 0.2 0.6 0.6 
TOTAL 5.1 3.3 2.7 2.3 3.4 3.6 
Rail (Direct) 
Corn 21.3 24,2 24.6 24.7 23.6 22.9 
Wheat 19.4 19.8 19.8 19.7 19.8 18.8 
Soybeans 7.1 8.7 9.0 9.1 8.3 7.8 
TOTAL 48.0 53.1 53.4 53.7 51.7 49.5 
Truck (Direct) 
Corn 5.4 6.1 6.1 6.2 6.1 6.2 
Wheat 3.0 3.7 4.1 4.2 4.2 4.2 
Soybeans 2 . 9  2.8 2 . 8  2.8 3.2 3.7 
TOTAL 11.6 12.6 13.0 13.1 13.5 14.0 
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State shares 
Table 32 presents the projected number of bushels of corn, 
wheat, and soybeans shipped from each state by barge and the 
number and percent of bushels diverted by user charges from 
barges to railroads and trucks. Illinois and Iowa originate 
about 63 percent of all corn, wheat and soybeans moving by 
barge in the base solution; Minnesota, Missouri, Indiana, and 
Washington ship an additional 24 percent; the remaining 13 
percent is shipped by 13 other states. 
In the fuel tax solution, the largest diversions occur in 
Iowa and Minnesota. These large shifts of 101.6 and 74.8 
million bushels are, in part, the result of the longer dis­
tances barges must travel which implies larger fuel tax burdens 
on these shipments. In addition, these two states have well 
developed unit-grain-train systems which make it cheaper to 
shift relatively large amounts of grain to railroads rather 
than incurring the additional cost of the fuel tax. About 42 
percent of the Minnesota barged grain and almost 16 percent of 
the Iowa barged grain is diverted to rail or truck. Illinois, 
which has the largest amount of barged grain in the base solu­
tion, has only 6.5 percent of the grain diverted to other modes. 
The relatively small diversion is due to low user charges on 
the Illinois River and that, although Illinois-produced grain 
has many feasible market alternatives (including the Chicago ex­
port market; the export market via the Mississippi, Illinois, and 
Ohio Rivers; the Gulf and East Coast markets that are generally 
Table 32. Projected 1985 millions of bushels and percent of corn, wheat, and 
soybeans diverted from barge shipments by state and solution 
Base Segment tax Segment-tax, 100 
solution Fuel tax no response percent response 
State Bushels Bushels Percent Bushels Percent Bushels Percent 
shipped diverted of barge diverted of barge diverted of barge 
by barge from barges shipments from barges shipments from barges shipments 
diverted diverted diverted 
Arkansas 39.5 0 0 0 0 0 0 
Idaho 14.4 0 0 0 0 0 0 
Illinois 743.7 48.2 6.5 44.8 6.0 6.3 0.8 
Indiana 114.3 12.5 10.9 10.5 9.2 0 0 
Iowa 643.8 101.6 15.8 146.8 22.8 76.1 11.8 
Kansas 35.3 25.3 71.7 26.2 74.2 0 0 
Kentucky 14 .6 14.6 100.0 14.6 100.0 0 0 
Louisiana 17.2 0 0 0 0 0 0 
Minnesota 177.1 74.8 42.2 101.6 57,4 101.6 57.4 
Mississippi 12.5 0 0 0 0 0 0 
Missouri 136.8 0 0 0 0 0 0 
Montana 36.7 0 0 0 0 0 0 
Nebraska 11.3 6.1 54.0 6.1 54.0 0 0 
Table 32. (Continued) 
Fuel tax 
Segment tax 
no response 
Segment-tax, 100 
percent response 
State 
Ohio 
Oklahoma 
Oregon 
South 
Dakota 
Base 
solution 
Bushels Bushels Percent Bushels Percent Bushels Percent 
shipped diverted of barge diverted of barge diverted of barge 
by barge from barges shipments from barges shipments from barges shipments 
diverted diverted diverted 
2 6 . 6  
21.0 
14.5 
15.4 
Washington 103.5 
Wisconsin 
TOTAL 
21.4 
2,199.6 
0 
16.6 
0 
0 
8.7 
0 
308.4 
0 
79.0 
0 
0 
8.4 
0 
14.0 
0 
21.0 
0 
15.4 
8.7 
0 
395.7 
0 
100.0 
0 
100.0 
8.4 
0 
18.0 
0 
0 
0 
15.4 
6.5 
0 
205.9 
0 
0 
0 
1 0 0 . 0  
6.3 
0 
9.4 
I4l 
served by unit trains of 100 cars or more; and the large 
local grain processors), many areas have a very distinct ad­
vantage in serving one type of market. For instance, the 
area in Illinois that is between the Mississippi and Illinois 
rivers faces a transport cost structure that induces almost 
all the transportable grain to barge loading facilities 
because the export and domestic-bound alternatives, such as 
single-car shipments to the Gulf or to Chicago, are relatively 
expensive. The higher barge rates do not change the competi­
tive advantage that the barge industry has for grain in this 
area. This implies that barge line operators could realize 
higher profits by increasing barge rates on this river segment 
if they could discriminate by originating areas. 
Ten of the 19 states with barge shipments of corn, wheat, 
and soybeans have no diversion in the fuel tax solution. 
While the remaining states ship only a small percent of 
total barge movements, several of these states have a high per­
cent of their total barge shipments diverted by other modes. 
These states include Kansas, Kentucky, Nebraska and Oklahoma. 
Three of these states ship on the relatively high cost Missouri 
and Arkansas Rivers. 
The diversions in the segment tax with no railroad rate 
response solution are similar to those under the fuel tax. The 
total diversion under the segment tax is 18 percent of the base 
solution barge traffic (compared to l4 percent in the fuel tax 
solution). Although Oklahoma, South Dakota, and Kentucky each 
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ship less than one percent of total barge shipments under 
the base solution, 100 percent of the grain moving by barge 
from these three states under the base solution is diverted 
to other modes when the segment tax is imposed. Minnesota 
and Iowa also experience greater diversion under the segment 
tax. 
Total diversion under the ICQ percent rail rate response 
solution falls to 9.4 percent of total barge shipments in the 
base solution. South Dakota is the only state in this solu­
tion that has all of its barge grain diverted to other modes. 
Fourteen states have no diversion and Illinois has less than 
one percent diversion. The largest diversions in this solu­
tion occur in Minnesota and Iowa. 
Port shares 
Table 33 shows the projected and 1979/1980 percent of 
corn, wheat, and soybean exports by export port. Comparing 
the 1979/1980 average with the base solution, the decrease in 
Pacific Coast exports is offset by increases in exports through 
the Lakes and Atlantic ports. The cost coefficient changes 
generally causes a tradeoff between Gulf and Great Lakes port 
utilization. Gulf port exports decrease after user charges are 
imposed because of the decreased barge traffic. Much of the 
diverted barge traffic goes to the Lake ports and since rail 
rates are not increased to Lake ports under the two railroad 
rate response solution, the tradeoff is even greater. The East 
Coast ports are relatively unaffected by the user charges. 
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Table 33. Average 1979-1980 and projected 1985 percent of corn, 
wheat, and soybean exports by port area and solution 
Port Area 
Solution Lakes Atlantic Gulf Pacific TOTAL 
Average 1979 
and 1980 10.3 12.4 59.8 16.5 100 
Base 11.4 14.3 59.8 14.5 100 
Fuel tax 13.3 14.6 57.6 14.5 100 
Fuel-segment 
tax 13.8 14.6 57.1 14.5 100 
Segment tax, 
no railroad 
response 14.0 14.6 56.9 14.6 100 
Segment tax, 
50 percent 
railroad 
response 14.2 14.5 56.7 14.6 100 
Segment tax, 
100 percent 
railroad 
response 14.9 14.3 56.5 14.3 100 
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User charges have little net effect of the West Coast share of 
base solution exports. While user charges divert some wheat 
from the Columbia River, increased exports from the Upper Great 
Plains states to West Coast ports create little change in the 
West Coast share of total exports. However, the West Coast 
share of total exports declines slightly if rail rates are in­
creased 50 and 100 percent of the segment tax. 
Costs and Revenues 
Total costs and tax revenues 
Total cost and tax revenue, by solution, are presented in 
Table 34. The change in total cost ranges from $55.4 to $111.8 
million whereas the tax revenue varies from $50.1 to $61.2 mil­
lion. The tax burden of the fuel, combination, and segment tax 
solutions represents approximately 86-90 percent of the change 
in total cost to the barge industry. The tax burden share of 
total cost change goes down in the rail response solutions due 
to the higher rail rates. 
Table 35 presents the user tax revenue and respective rev­
enue per bushel by solution. The increase in per bushel cost 
reflects the higher use charges under the no-rail-response so­
lutions. The total taxes collected increase slightly when rail­
road rates are increased; however, the user tax per bushel de­
clines. The higher rail rates induce some grain back to the 
river but the lower user charges (designed to compensate for 
this inducement) lower the per bushel tax revenue. 
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Table 34. Projected 1985 total grain transport and handling 
costs and waterway user tax revenue by solution in 
millions of dollars 
Solution Total Change in Taxes Taxes collected 
cost total cost collected as a percent of 
change in cost 
Base 7,669.4 ... ... ... 
Fuel tax 7,724.8 55.4 50.1 90.4 
Combination 
fuel-
segment 
tax 7,732.4 62.6 54.7 87.4 
Segment tax, 
no rail­
road 
response 7,738.1 68.7 59.1 86.0 
Segment tax, 
50 per­
cent rail­
road 
response 7,762.0 92.6 59.4 64.1 
Segment tax, 
100 per­
cent rail­
road 
response 7,762.2 111.8 61.2 54.8 
^Change is from base solution. 
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Table 35. Projected 1985 total and per bushel user tax revenue 
by solution in dollars 
Solution User taxes 
collected 
Bushels 
of grain 
hauled 
User taxes 
in cents 
per bushel 
Fuel tax 
Fuel-segment 
tax 
Segment tax, 
no railroad 
response 
Segment tax, 
50 percent 
railroad 
response 
Segment tax, 
100 percent 
railroad 
response 
50,066,901 
54,729,803 
1,891,140,000 
1,827,200,000 
59,064,857 1,803,880,000 
59,424,883 1,915,200,000 
61,243,911 1,993,510,000 
2.65 
3 . 0 0  
3 . 2 7  
3 . 1 0  
3.07 
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Costs and revenues by mode 
Table 36 presents the 1985 average cost of transporting 
corn, wheat, and soybeans by barge, rail, truck, ocean vessel, 
and for the entire system. This table includes the costs of 
all export and domestic grain shipments in the model as well 
as all collected user taxes. 
The average cost per bushel to transport grain by barge 
in the base solution is 48.7 cents per bushel. The costs as­
sociated with barging grain change very little across solutions. 
Two forces tend to moderate changes in average barge costs. 
First, the user taxes tend to cause the high cost barge move­
ments to shift to rail or truck. This lowers the average barge 
cost per bushel. Second, the rail rate response solutions 
incorporate barge rate increases that are less than the barge 
rate changes of the segment tax solution with no rail rate 
response. 
There is very little change in average rail costs per 
bushel for the three user charges with no rail rate response. 
Grain shifting from barge to rail has little effect on aver­
age rail costs. Moreover, a significant portion of the in­
creased rail traffic moves shorter distances to Lakes ports. 
The lower rates on these shorter distance rail movements tend 
to hold down average rail costs. 
The average truck cost is 18.7 cents per bushel under the 
base solution. Truck costs increase under all user tax scenar­
ios. The user taxes significantly reduce the amount of rela-
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Table 36. Projected average per bushel cost of transportation 
by transport mode and solution in cents 
Solution Barge^ Rail Truck Ocean Total 
system 
Base 48.7 60.7 18.7 74.2 100.0 
Fuel-tax 4 9 . 0  
( 0 . 6 ) b  
60.5 
(-0.3) 
1 9 . 3  
( 3 . 2 )  
75.0 
(1.1) 
1 0 0 . 7  
( 0 . 7 )  
Fuel-segment 
tax 48.4 
( - 0 . 6 )  
60.7 
(0.0) 
19.9 
( 6 . 4 )  
75.2 
(1.3) 
100.8 
( 0 . 8 )  
Segment tax 
No railroad 
response 48.4 
(-0.6) 
50.6 
(-0.1) 
20.0 
( 7 . 0 )  
75.2 
(1.3) 
100.9 
( 0 . 9 )  
Segment tax 
50 Percent 
railroad 
response 4 8 . 7  
( 0 . 0 )  
61.3 
(1.0) 
1 9 . 9  
( 6 . 4 )  
75.3 
(1.5) 
101.2 
( 1 . 2 )  
Segment tax 
100 Percent 
railroad 
response 49.5 
( 1 . 6 )  
61.2 
( 0 . 8 )  
20.4 
( 9 . 1 )  
75.6 
( 1 . 9 )  
101.4 
(1.4) 
^Includes truck-barge and rail-barge. 
^Percentage change from base solution. 
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tively short distance trucking to barge loading elevators, how­
ever, the taxes increase longer distance truck shipments to ex­
port ports. The average truck costs increase from 3-2 
to slightly over 9 percent in the user charge scenarios. 
Ocean freight costs average 74.2 cents per bushel under 
the base solution. The average ocean cost per bushel increases 
between one and two percent under all solutions. These in­
creases are due mainly to shifts to the relatively high cost 
Lake ports under each user charge scenario. 
Table 37 presents the estimated 1985 barge, rail, truck, 
and ocean vessel revenues for each user charge scenario. These 
estimated revenues exclude user taxes and transfer costs. 
The greatest losses in barge revenue occur with the seg­
ment charge with no rail rate response. Barge companies lose 
about 22.3 percent of their 1985 base solution revenues under 
this solution. The barge industry regains approximately 10 
percent of the lost revenue under the 100 percent rail-response 
solution but barge revenues are still 12.2 percent below the 
base solutions. 
Rail revenues for export bound traffic increase under all 
user charge scenarios. However, the rate of growth in rail 
revenues is less than the rate of growth in bushels of direct 
rail shipments. This difference is accounted for by the de­
crease in rail-barge traffic when user taxes are imposed. For 
example, under the segment tax with no rail response, railroads 
gain 8.6 percent in revenues—due mostly to a 300 million bush-
Table 37. Projected revenues of export-bound grain haulage by transport mode and so­
lution In millions of dollars 
Solution Barge Railroad Truck Ocean Vessel 
Base 673 1,541 350 3 , 9 9 6  
Fuel tax 558 
(-17.1) 
1 , 6 5 6  
(7.5) 
3 3 5  
(-4.3) 
4,036 
(1.0) 
Fuel-segment 
tax 5 3 2  
(-21.0) 
1,670 
( 8 . 4 )  
347 
(-0.9) 
4,046 
(1.3) 
Segment tax 
No railroad 
response 523 
( - 2 2 . 3 )  
1,673 
(8.6) 
350 
(0.0) 
4,049 
(1.3) 
Segment tax 
50 Percent 
railroad 
response 559 
( - 1 6 . 9 )  
1,643 
( 6 . 6 )  
352 
(0.6) 
4 , 0 5 3  
(1.4) 
Segment tax 
100 Percent 
railroad 
response 591 
(-12.2) 
1 , 5 7 6  
( 2 . 3 )  
381 
( 8 . 9 )  
4,068 
(1.8) 
^Percentage change from base solution. 
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el gain in export traffic. But the gain in export traffic is 
offset by a 150 million bushel decrease in rail-barge traffic. 
Railroad revenues increase only 6.1 and 1.8 percent above the 
base solution if rail rates are increased by 50 and 100 per­
cent of the segment tax, respectively, because the higher rail 
rates cause a shift of grain to trucks and barges. 
Trucks incur net reductions in revenue under the fuel tax 
and the combination fuel-segment tax. Most of the truck grain 
revenue is from hauling grain to barge loading elevators, how­
ever, these losses are offset to some extent by increases in 
direct shipments to export ports. 
Ocean vessel revenues increase 1.0 percent above the base 
solution under the fuel tax and 1.8 percent under the segment 
tax with a 100 percent rail rate response. Ocean vessel rev­
enues rise under all user tax scenarios because the user taxes 
and rail rate increases to Gulf, East Coast and West Coast 
ports induces more grain to Great Lakes ports. 
Tax revenues by state 
Table 38 shows the user taxes collected and percent of 
total user taxes paid by state. The following description 
generally compares the taxes paid by state with the respec­
tive quantity of grain shipped by state (see Table 32). 
Under the fuel tax solution, Illinois ships 36.8 percent 
of the total barge grain and pays 3^.2 percent of the fuel 
taxes. However, Iowa and Minnesota pay more taxes relative to 
the amount of barge grain shipped. Iowa ships 28.7 percent of 
Table 38. Projected tax revenue by solution and grain-originating state in millions of 
dollars 
Segment tax 
State B'uel tax Fuel-segment No railroad 50 percent 100 percent 
response railroad railroad 
response response 
Arkansas .45 .43 .41 .39 
(.9)* (.8) (.7) (.7) (.6) 
Idaho .35 .47 .57 .54 .52 
(.7) (.9) (1.0) (.9) (.9) 
Illinois 17.13 18.11 18.84 18.10 17.64 
(34.2) (33.1) (31.9) (30.5) (28.8) 
Indiana 2.01 1.93 1.83 1.90 1.83 
(4.0) (3.5) (3.1) (3.2) (3.0) 
Iowa 17.21 20.03 22.22 23.3 22.83 
(34.'I) (36.6) (37.6) (39.3) (37.3) 
Kansas .42 .54 .51 .59 1.72 
(.8) (1.0) (.9) (1.0) (2.8) 
Kentucky 0 0 0 .19 .18 
(0) (0) (0) (.3) (.3) 
Louisiana .12 .11 .11 .10 .10 
(.2) (.2) (.2) (.2) (.2) 
Minnesota 4.11 4.00 4.85 4.56 4.41 
(8.2) (7.3) (8.2) (7.7) (7.2) 
^Percentage of total tax revenue. 
Table 38. (Continued) 
State Fuel tax Fuel-segment 
Mississippi .08 .08 
(.2) (.1) 
Missouri 2.92 3.01 
(5.8) (5.5) 
Montana .89 1.19 
(1.8) (2.2) 
Nebraska .33 .37 
(0.7) (.7) 
Ohio 0.70 .65 
(1.4) (1.2) 
Oklahoma 0.17 .46 
(.3) (.8) 
Oregon • I'l .19 
(.3) (.3) 
South Dakota .66 0 
(1.3) (0) 
Washington 1.5 2.0 
(3.0) (3.7) 
Wisconsin .85 1.15 
(1.7) (2.1) 
TOTAL 50.07 54.73 
(100.0) (100.0) 
Segment tax 
No railroad 50 percent 100 percent 
response railroad railroad 
response response 
.08 .07 .07 
(.1) (.1) (.1) 
3.07 2.87 2.74 
(5.2) (4.8) (4.5) 
1.45 1.37 1.33 
(2.5) (2.3) (2.2) 
.42 .38 .75 
(.7) (.6) (1.2) 
. 60 . 56 .55 
(1.0) (.9) (.9) 
0 .61 2.42 
(0) (1.0) (3.9) 
.23 .22 .21 
(.4) (.4) (.3) 
0 0 0 
(0) (0) (0) 
2.45 2.31 2.29 
(4.1) (3.9) (3.7) 
1.15 1.31 1.27 
(2.1) (2.2) (2.1) 
59.06 59.42 61.24 
(100.0) (100.0) (100.0) 
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the barge grain but pays 3^.4 percent of the fuel tax. Minne­
sota ships 5.4 percent of barge grain but pays 8.2 percent of 
the fuel taxes. Iowa and Minnesota pay more taxes relative to 
the amount of grain shipped because they are located further 
from Baton Rouge, Louisiana, the point on the Mississippi River 
where user taxes begin. Missouri ships 7.2 percent of total 
barge grain but pays 5.8 percent of the taxes. These four 
states—Illinois, Iowa, Minnesota, and Missouri— ship 78.1 
percent of all barge grain and pya 82.6 percent of the fuel 
taxes. The remaining 14 states ship 21.9 percent of the barge 
grain and pay 17.4 percent of the total fuel taxes. 
Under the segment tax solution with no railroad rate 
response, Iowa pays 37.6 percent of the segment tax but ships 
just 27.6 percent of the barge grain. Minnesota ships 4.2 
percent of total barge grain but pays 8.2 percent of the total 
taxes. Thus, Iowa and Minnesota pay a relatively large percent 
of the total segment taxes collected because of the longer 
distances shipped and the relatively high cost nature of the 
Upper Mississippi River. Illinois ships 38.7 of the total 
barge grain but pays 31.9 percent of the total taxes collected. 
A large portion of the Illinois grain is shipped on the low 
cost Illinois and Ohio Rivers. Moreover, much of Illinois is 
located closer to Baton Rouge, Louisiana. 
The segment tax with no railroad rate response forces 
South Dakota grain to be diverted from the Missouri River to 
rail and truck. This tax also forces Oklahoma wheat to be 
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diverted from the Arkansas River. Thus, these two states pay 
no taxes under the segment tax solution with no railroad rate 
response. 
Elasticities 
An own price elasticity of demand for a product measures 
the relationship between relative quantity demand change and 
relative price change that is implied when everything else 
is held constant. The general formula for determining a 
point elasticity is: 
P E = | f |  ( 2 6 )  
where 
PE = Own price elasticity of quantity demand 
for a good or service 
Q = Quantity demand for the good or service 
P = Price of the good or service 
Elasticity measurements help describe a point or segment 
of the demand function. Demand specifications must include 
quantity unit, price unit, time period, and producer classifi­
cation (for example, firm versus industry). 
The following elasticity analysis concerns the percentage 
change in grain shipments by barge that is in response to a 
percentage change in barge rates. The barge rate increase 
can be put in the context displayed in Figure 2 (page 38) 
as being the result of an upward shift in a completely elastic 
barge-transport supply curve. 
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In order to determine barge-rate elasticities, the 
above demand specifications must be established. The man­
ner in which the producer classification is defined is of 
particular importance. For instance, should elasticity 
measurements be made for each barge loading point that is 
represented in the model or, say, should an elasticity be 
estimated for the entire barge industry? 
Elasticity estimation for an individual barge loading 
point is relatively straightforward. The percentage change 
in quantity barged between the base solution and a tax solu­
tion is divided by the respective percentage change in the 
barge rate. The results of this method are somewhat difficult 
to interpret because of their point-specific nature. A more 
useful estimation is an elasticity which represents, a particular 
river segment but an aggregation problem arises in this case 
because of the difficulty in defining the percentage change 
in price for a river-segment. Since the percentage change 
in price varies between river points, an averaging procedure 
must be determined. 
Equation 27 represents the procedure which is used to 
calculate river-segment elasticities. 
where 
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Eg = Own barge-rate elasticity of demand for 
barge shipments originating on river 
segment s 
(AQ)p = Change in quantity of barge shipments 
at river point p in million hundred­
weights (cwts.) 
(AR)p = Change in barge rate at river point 
p in cents per cwt. 
Rp = Barge rate in the base solution at 
river point p in cents per cwt. 
Qp = Quantity of barge shipments in the base 
solution at river point p in million cwts. 
Qg = Quantity of barge shipments from river 
segment s in million cwts. (Z Q = Q for 
P P s 
all s) 
Qn 
E is a weighted average values are the weights) of the 
s Wg 
individual elasticities of the barge loading facilities within 
river segment s. Note that the Q^ values cancel so that the 
equation becomes: 
rAQi R^-I 
= 5 [Sl^ (28) 
Elasticity calculations offer a pure or unitless measure 
of demand because they are comprised of relative changes in 
quantity and prices. However, the slope (change in quantity 
divided by change in price) within a particular segment of 
the demand curve is also useful in describing demand. The 
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calculation of barge demand slope that is based on the results 
of this study present the same aggregation problem that is 
described above for elasticities. Equation 29 describes the 
averaging procedure used to determine river segment slopes. 
-AQ_ Q. 
where 
Sg = The average change, in million cwts., per 
one cent change in barge rate on river 
segment s 
Table 39 presents the elasticity- and slope-type measure­
ments that are calculated by using equations 28 and 29. 
The magnitude of the elasticities suggests what will 
happen to total barge revenues when barge rates are changed. 
An elasticity which is greater than negative one indicates 
that total revenue increases as quantity decreases and price 
increases. An elasticity which is less than negative one 
implies that total revenue decreases as price (or barge rate) 
increases. According to the elasticities listed in Table 
39, total revenue would decrease on the Upper Mississippi, 
Missouri, and Arkansas Rivers when barge rates are increased, 
whereas, barge revenues on the Lower Mississippi, Ohio, and 
Columbia Rivers would go up with barge rate increases. The 
Illinois River's total revenue would stay fairly constant. 
The elasticity of the Illinois River is a little less than 
negative one when the fuel tax is imposed but a little more 
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Table 39- Slope and elasticity estimates derived in the change 
from base solution to the fuel and segment-tax solu­
tion by river segment 
River Segment Measurement Fuel tax Segment t 
Upper Miss. Slope -2.63 
1—1 m
 
O
J 1 
Elasticity -2.09 1 H
 
0
 
Lower Miss. Slope - .90 - .96 
Elasticity - .74 - .78 
Ohio Slope - .40 - .39 
Elasticity 
- .73 - .70 
Illinois Slope -1.74 -1.56 
Elasticity -1.07 - .92 
Missouri Slope 
1—1 OJ rH 1 
- .91 
Elasticity -6.63 -5.19 
Arkansas Slope -1.56 - .42 
Elasticity —6.98 -1.89 
C 0lumb ia-Snake Slope - .54 
- .33 
Elasticity - .46 - .28 
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than negative one under the segment tax. 
The slope estimates enable one to get a better perspec­
tive of how important the elasticity magnitudes are. This 
is especially relevant if the price at which no quantity 
demand exists is about equal across river segments, i.e., 
the intercept on the price axis is about the same for each 
r i v e r  s e g m e n t ' s  d e m a n d .  . T h i s  i s  i l l u s t r a t e d  b y  F i g u r e  5 -
Assume that points M and A in Figure 5 yield elasticities 
of equal value. Yet, an equal change in barge rate for each 
river segment will cause a larger change in quantity of barge 
shipments on the Upper Mississippi than on the Arkansas 
River. 
Given the calculations of Table 39, the fuel tax yields 
very low elasticities (high in absolute values) on the 
Missouri and Arkansas Rivers relative to the Upper Mississippi 
but the slopes on the Arkansas and Missouri are much larger 
(smaller in absolute values) than the Upper Mississippi— 
indicating (but not insuring) that a one percent change in 
barge traffic on the Upper Mississippi represents a much 
larger amount than a one percent change on the Arkansas or 
Missouri. 
l6l 
Barge rate/ton-mile 
Upper 
[Ississippi 
Arkansas 
Ton-miles of 
.barge shipments 
Figure 5. Hypothetical barge shipment demands facing 
barge lines on the Upper Mississippi and 
Arkansas Rivers 
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Constraint Implications 
The estimated number of tons of corn, wheat, and soybeans 
that move through Lock and Dam 26 by solution and time period 
is presented in Table 40. The nine-month capacity of 36 
million tons of grain that can pass through the system is 
reached during the non-winter months in the base solution; the 
capacity constraint is not effective in the other solutions. 
The shadow price of the constraint in the base solution 
during the non-winter period is equal to $.288 per ton or .8 
cents per bushel of corn. This shadow price means that a 
reduction of capacity from 36 million tons to a level (which 
cannot be determined without further analysis) below 36 
million tons would increase the objective function by $.288 
per ton reduced. The shadow price implies, but does not assure, 
that an increase in capacity of one ton would decrease the 
objective function by $.288. 
Table 41 presents the number of covered hopper cars used 
to transport export-bound grain by solution. The highest rail 
car utilization—56,785 in the segment tax solution—accounts 
for 73 percent of the projected cars available for export 
shipments. 
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Table 40. Tons of corn, wheat, and soybeans that traverse 
Lock and Dam 26, percent of capacity, and shadow 
price by solution and period 
Solution 
and period 
Grain through 
Lock and Dam 26 
in million tons 
Percent of 
capacity 
Shadow price 
in dollars 
per ton 
Base 
Non-winter 
Winter 
36.00 
5.15 
100 
43 
. 2 8 8  
Fuel tax 
Non-winter 
Winter 
33.5 
2 . 0  
93 
17 
Combination tax 
Non-winter 
Winter 
3 2 . 2  
1.6 
89 
13 
Segment tax 
Non-winter 
Winter 
31.9 
1.4 
89 
12 
50 Percent 
railroad response 
Non-winter 
Winter 
33.1 
2.5 
92 
21 
100 Percent 
railroad response 
Non-winter 
Winter 
33.6 
2 . 8  
93 
23 
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Table 41. Rail-car requirements for export shipments of corn, 
wheat, and soybeans 
Solution Rail-car usage 
Base 45,682 
Fuel Tax 53,358 
Fuel Segment Tax 55,977 
Segment Tax 
No railroad response 56,785 
50 percent railroad response 49,028 
100 percent railroad response 50,029 
Table 42 presents total rail-car-days available for each 
CRD and the total rail-car-days used within each CRD in the 
base solution. These CRD total rail-car-day availability and 
usage numbers represent the aggregation of availability and 
usage estimates of constraint equations that apply to intra-CRD 
regions, various multi-car specifications, and two time periods. 
The individual constraints that are effective yield shadow 
prices. Total shadow price figures in Table 42 are determined 
by summing all of the shadow prices associated with the effec­
tive constraints of the respective CRD. The respective aver­
age shadow price is equal to the total shadow price divided 
by the number of effective constraints. 
Idaho, Montana, North Dakota, and Nebraska shippers utilize 
most, if not all, of the rail-car-days available in their 
respective CRDs. 
The shadow prices of the rail-car-day constraints indicate 
where multi-car facility construction might be needed. A 
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Table 42. Rail-car days and shadow prices in dollars by state 
and CRD 
State CRD Rail-car Rail-car Total Average 
days not days shadow shadow 
used available price price 
ID 7 7,454 71,175 1.37 1.37 
8 0 71,175 23.97 11.98 
9 0 108,000 27.69 13.85 
IL 5 253,219 310,250 40.97 20.49 
6 589,514 821,250 25.60 6.40 
40 219,000 219,000 0 
60 217,175 308,425 9.73 4.87 
IN 1 72,889 459,900 86.56 14.43 
2 293 146,000 82.08 27.36 
3 77,392 182,500 67.26 22.42 
4 64,396 109,500 0 
5 40,4l6 425,225 8.91 2.97 
6 26,254 73,000 2.97 2.97 
7 22,283 23,725 0 
8 45,625 45,625 0 
• 
lA 1 202,829 866,876 193.15 16.10 
2 144,688 821,251 91.49 7.04 
3 37,071 45,625 .54 .54 
4 583 410,626 282.36 17.65 
5 224,458 638,751 94.03 9.40 
7 9,000 31,812 19.18 9.59 
8 21,928 45,625 11.94 5.97 
KS 3 57,031 57,031 0 . . . 
5 0 102,656 9.10 4.55 
8 0 34.219 6.31 3.16 
MI 4 36,500 36,500 0 . . . 
6 88,859 255,500 3.66 3.66 
8 0 36,500 82.22 41.11 
MN 1 35,588 106,763 23.58 11.79 
4 150,231 191,625 0 • • • 
5 0 49,275 12.08 6.04 
7 36,607 319,375 212.36 21.24 
8 79,844 353,595 61.66 7.71 
MT 2 0 379,600 35.62 17.81 
3 0 47,450 155.91 77.96 
5 0 35,587 35.52 17.76 
9 0 23,725 164.20 82.10 
Table i|2. (Continued) 
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State CRD Rail-car Rail-car Total Average 
days not days shadow shadow 
used available price price 
NE 1 0 68,438 143.22 35.81 
2 22,812 45,625 13.11 6.56 
3 0 114,062 149,22 24.87 
5 0 285,157 96.67 9.67 
6 0 536,094 132.96 11.08 
7 0 22,812 140.84 70.42 
8 0 285,156 190.34 23.79 
9 0 68,438 72.82 18.21 
ND 1 0 72,087 187.20 46.80 
2 0 71,175 96.36 24.09 
3 0 142,350 48.61 12.15 
4 0 23,725 82.59 41.30 
5 0 11,863 35.48 17.74 
6 11,863 106,764 22.57 7.52 
7 11,862 11,862 0 
9 0 35,588 257.45 64.36 
OH 1 130,668 315,725 116.19 16.60 
2 94,991 180,676 0 
4 273,607 315,725 0 
5 0 255,500 20.30 5.08 
6 11,808 36,500 3.66 3.66 
7 45,625 45,625 0 • 
SD 3 23,725 73,000 10.90 5.45 
4 11,862 11,862 0 
5 0 35,587 51.67 12.92 
9 47,450 47,450 0 • 
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shadow price indicates the amount in which the total cost of 
the objective function would decrease if the right-hand-side 
(RHS) parameter (number of rail-car-days available) of the 
constraint equation is increased by one unit. For instance, 
the shadow price of the constraint equation which limits the 
number of 50-car rail shipments that originate from the 
southern half of CRD 7 in Nebraska is $70.42 in the base so­
lution. If the RHS parameter of this equation is increased by 
one unit, the total objective function value would probably 
decrease by approximately $70.42. The 50-car shipments from 
this region are destined to the Northwest Pacific Coast ports 
in the model solution, therefore, the additional rail-car-day 
would probably be used for this movement also. Given that one 
rail-car-day can transport approximately 200 bushels to ports, 
then $70.42 represents a 35-21 cent per bushel decrease in the 
cost of transporting grain from this region. The 35-21 cents 
do not represent the difference between the single-car rate 
and the multi-car rate to the Northwest ports—this difference 
is equal to 27 cents. The difference merely indicates the 
change in total cost of moving grain after all market and modal 
adjustments. The grain transported from this region that is 
not export-bound goes west to satisfy feed demands. Additional 
facilities in southwest Nebraska, per se, would probably induce 
more grain to move to export from this area while the western 
feed demand is satisfied by grain produced somewhere else. 
The purpose of this study is not locational in nature and 
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there are problems in using the shadow prices to locate poten­
tial train-loading sites. First, the model originates grain 
from grain elevators and ignores the farm to elevator cost. 
Market areas and the respective quantities merchandized by 
individual grain elevators under different rate structures 
cannot be defined well. Moreover, the rail-car-day parameters 
are usually based on more than one elevator within a region; 
very little can be inferred regarding an individual elevator's 
potential. Another problem exists in determining whether the 
shadow price is large enough to offset the increased cost of 
car-loading construction. Thirdly, shadow prices are deter­
mined by time period since rail-car-days for a particular 
origin and shipment size are defined by time period which 
creates the problem of analyzing whether there are net bene­
fits across time periods. Lastly, facilities must be defined 
within a region in order to determine the effect on total cost 
of additional facilities. 
In summary, the rail-car-day constraints limit the total 
usage of their respective multi-car shipment specification 
based on general capacities. Their capability of indicating 
expansion needs may be very limited. 
The only barge-day constraint that is effective is the 
spot-barge-day specification for the winter period. The seg­
ment tax without a rail rate response solution is the only 
solution in which the constraint does not set an effective 
maximum on the number of spot-barge-days used. In the re­
169 
maining five solutions, the shadow price of this constraint 
is $26.5 per spot-barge-day. The constant shadow price 
across solutions implies that the shipments are being diverted 
to modes other than contract-barge and rail shipments that 
have rate responses. 
Under no user charges, none of the port unloading 
capacities are met. After user fee imposition, the rail un­
loading capacity at the Duluth ports become effective. This 
holds only for the non-winter period since no shipments are 
allowed on the Great Lakes during the winter period. The 
fuel tax solution has a shadow price of 1.6 cents per bushel. 
The remaining tax solutions have a shadow price of approx­
imately 2.5 cents per bushel. 
Map 17 shows the base solution's shadow prices that re­
sult from the inventory constraints imposed in the Southeast. 
The other solutions' respective shadow prices are Just slightly 
higher, if at all, than the values presented in Map 17- Note 
that the south-central Alabama district has no shadow price 
in the base solution (which is also true for the other solu­
tions). This implies that, without the constraint in this 
district, one optimal solution would include the activity 
level that exists in this district with the constraint. 
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Map 17. Shadow prices of inventory constraints of the base 
solution in cents per bushel 
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CHAPTER VI. EFFICIENCY, EQUITY, 
AND POLITICAL CONSIDERATIONS 
As pointed out in CHAPTER I, the criteria used to 
establish past transportation policy are open for debate. 
Yet the policy-making process must, explicitly or implicitly, 
attach weights to efficiency, equity, and political impli­
cations of proposed legislation. 
The purpose of this chapter is to discuss some of the 
political considerations and efficiency-equity tradeoffs 
regarding the user charge issue. Manifestation of these 
criteria may help policy makers to evaluate the general 
user charge issue and the proposed user charge methods. 
Efficiency 
The general efficiency argument that is often used in 
defense of waterway user charge imposition emphasizes that 
there is an excessive allocation of resources to the barge 
industry in a system without user charges. Since "true" 
waterway costs are not realized by barge lines, the barge 
industry utilizes the wrong level of resources and provides 
a greater amount of transportation service than would occur 
in a more efficient transport industry. 
This efficiency issue concerns the question of whether 
waterway user charges enhances overall efficiency of the 
grain transport industry. Industry production with the least-
cost combination of inputs is indicated by three relation­
ships [30]: 
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1) the marginal product of a factor per price of 
the factor is the same for all factors; 
2) the marginal value product of a factor is equal 
to the price of the factor; and 
3) the price to marginal cost ratios for all 
products are equal. 
Assume that the grain transport industry is comprised of 
three sectors—barge, rail, and truck. Ignoring the difficulties 
involved in defining and measuring service prices, resource 
costs, and input-output relationships, assume that the ratio 
P. 
rr— represents the price to marginal cost ratio of output x; 
X 
where x can be equal to barge service (b), rail service (r), 
and truck service (t). If MC^ is the "true" measure of social 
marginal cost, then equation 30 indicates efficiency. 
(30) 
MC. MC. MC D t r 
It might be argued that the MC value at which the barge sector 
operates at is less than social marginal cost when no user fees 
are imposed, hence 
P F P 
lb_ < lç_ ^   ,31) 
MC, MC MC ^ b c r 
Therefore, the user charges might induce the relationship of 
equation 32 or, because of an oligopolistic structure in the 
rail industry, equation 33 may be true. In this case, the 
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imposition of user charges might cause: 
(33) MC, MC, MC 
D t r 
Although equation 33 may seem to represent a situation 
which is more efficient than equation 32, the theory of second 
best indicates that equation 33 does not represent a more effi­
cient system. Yet it is plausible that the user fees do lead 
to a more efficient system (by yielding equation 30) if all so­
cial costs associated with rail and truck service are accounted 
for in the private market. The extent to which the truck and 
rail industries do incur all social costs depends largely on 
amount of road costs that are covered by motor-carrier fuel tax­
es and licensing fees and the amount of federal and state sub­
sidies which are granted to railroads. If trucking and rail 
costs are realized mostly in the private market then, under e-
qual competitive conditions, costs due to user charges might 
P 
cause the ^  ratios among the transport modes to converge by in­
suring that each sector faces the correct resource cost. 
Competitive conditions of the different transport sectors 
may not be equal. The rail sector offers more opportunity 
P for oligopolistic behavior in which ^  is relatively high but 
studies that have derived price to average variable cost ratios 
in the rail sector have generally found high rate to cost ratios 
in "landlocked" areas such as the Great Plains. The rail rates 
that affect barge traffic are much closer to average cost (for 
example, see U.S. Interstate Commerce Commission [79, 83]). 
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Table 34 (page 1^5) presents the total costs and tax 
revenues of the linear program solutions. Comparing the 
base to the fuel-tax solution, the total cost of the objective 
function increases about $60 million under the fuel-tax solu­
tion and fuel-tax revenues are around $50 million. 
Although the total cost increase is more than tax 
revenues, it should not be concluded that the fuel-tax scenario 
is less efficient than the base scenario. More information is 
needed to make efficiency inferences. 
The type of missing information is exemplified by Figure 
6. For illustration, assume that the base solution yields 
Q Y 
quantities of transport services of B and R . User charge 
imposition causes the barge industry supply curve to shift 
from B^B^ to B^B^ (reflecting true social costs) and the 
P RR T* 
rail demand curve to shift from D' D to D D —yielding new 
7 8 
equilibrium quantities of B and R . Note that the decrease 
7 8 in barge service (B B ) is equal to the increase in rail 
*7 8 
service (R R ) due to the fixed grain demand assumption. The 
total tax revenue of $50 million is equal to B^B^B^B^; the 
total increase in cost is equal to B^B^B^B^ plus R^R^R^R^. 
The social cost that is not presented in the linear pro­
gramming analysis is equal to B^B^B^B^. Since B^B^B^B^ is 
Q 2i q 6 
apparently greater than R-^R R"^R then there is a welfare 
gain due to the user charge in this example. 
The above discussion emphasizes that a more efficient 
system might occur as a result of "internalizing" the social 
Barge Rail 
,rr 
,RR 
Quantity 
of rail 
Price per 
ton-mile 
per period 
BB 
Quantity 
of barge 
service service 
per period per period 
Figure 6. Impact of increasing barge rates on demand facing railroads and welfare 
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costs of the waterway system, i.e., barge operators should 
pay for the resources they exhaust. The manner in which the 
taxes are imposed have many efficiency ramifications for the 
barge transport sector. 
On March 22, 1982, Assistant Secretary of the Army 
(Civil Works), William R. Gianelli, submitted to Congress 
the Administration's proposal for implementing waterway 
user charges. Although the exact implementation procedure 
was not specified, the proposal suggested that 1) a system-
wide ton-mile fee, 2) a segment-specific ton-mile fee, 3) 
a lockage or congestion fee, and 4) the current waterway fuel 
tax all be charged to recover waterway costs [2]. These 
four taxing regimes represent the prevailing philosophy that 
the user taxes should be related directly to the amount of 
waterway and lock usage. A flat fee, which must be paid 
regardless of the amount of usage, and the above four taxing 
methods will be examined below in efficiency terms. 
The Reagan administration has proposed that the total 
cost of operations, maintenance, repairs, and new construction 
(OMRC) that is associated with barge traffic be recovered 
by allocating the total costs among waterway users. The 
manner in which OMRC costs are classified into fixed and 
variable costs has great bearing on the economic efficiency 
implications of various taxing schemes. 
Variable OMRC costs can be defined as those costs 
which are dependent upon the extent to which one uses a 
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river segment (based on, say, ton-miles). In contrast, 
fixed OMRC costs can be viewed as the waterway project costs 
that must be incurred regardless of the amount of navigation. 
An important step that must be taken in defining fixed 
versus variable cost is to define the "appropriate" time period. 
The additional waterway maintenance, improvement, or develop­
ment that must be done to enable one more day of barge traffic 
is insignificant. In this one-day context, essentially all 
costs are fixed. However, if additional works are being plan­
ned for a 50 year period than these costs are all variable. 
This analysis examines the cost structure that faces barge lines 
and whether part of that cost structure (user fees) are charged 
"correctly." Let us assume that the most appropriate time pe­
riod for the barge lines and the government decision makers is 
one year. Fixed costs for the upcoming year can be estimated 
by answering the question: how much dredging, lock and dam re­
pair, and other costs that are being attributed to barge traf­
fic would have to be incurred if no barge traffic occurs? The 
costs that are due to natural deterioration and other factors 
that do not change in response to barge traffic should be con­
sidered fixed. 
The least-cost efficiency standards described on page 172 
indicate that decisions concerning the use of the river should 
be based on variable costs. If virtually all of the OMRC costs 
are variable then the taxing mechanism should be very use-
specific. A use-specific tax reflects the concept that OMRC 
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costs are a function of usage. Furthermore, the variable cost 
per unit of usage will differ by river segment, therefore, the 
user charge should also reflect the particular river segment's 
variable costs. 
In contrast, if the OMRC costs are essentially all fixed 
then the user charge should not be use-specific. In this 
case, the amount of waterway usage has little bearing on total 
OMRC costs. If costs do not change according to usage then 
the user charges should not be based on usage. Rather, the 
OMRC costs should be considered in the same sense as a far­
mer's land payments—the payments have to be met but the extent 
to which one uses the land or river segment should be based 
on other (variable) costs. A taxing structure that might 
meet these requirements would be one that charges a flat fee 
by river segment such that all of the OMRC costs are recovered 
but the fee paid would not vary according to usage. 
After the OMRC costs are divided between fixed and vari­
able costs, efficiency implications of various taxing regimes 
can be determined on the basis of use-specificity. 
A feasible alternative to recovering OMRC costs is a 
taxing scenario that consists of two parts. One part of the 
tax could vary according to waterway and lock usage and the 
second part is simply a flat fee or licensing fee that allows 
a barge operator to operate for a specified period of time. 
This type of tax structure is similar to the system where 
truckers pay a licensing fee and a fuel tax or where telephone 
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and electric companies base their charge on a flat fee plus 
a usage charge. 
Current proposals for increased user fees are oriented 
around the notion that the fees should be directly related to 
use (measured by fuel consumption, ton-miles, or lock use). 
Let us examine the taxing methods under the assumption that 
essentially all of the OMRC costs are variable and that, from 
an efficiency standpoint, the taxes should be based on usage. 
The segment-specific ton-mile tax seems to be most use-
specific and flat fee per river segment is obviously the'least 
use-specific. The relative use-specificity level of the other 
three types of taxes is less clear. The lockage fee is specific 
to lock use but lock use may not be related closely with the 
variable costs associated with the respective river segment— 
a good example of this can be based on the Lower Mississippi 
River where no lockage systems exist. Determining whether 
the system-wide ton-mile tax or the uniform fuel tax yields 
the most use-specificity is difficult because the tax rate 
of each method is nearly constant among river segments. 
The fuel tax is largely dependent upon miles traveled as 
opposed to the segment-specific tax which is based on river 
segment OMRC costs. There may be cases where the two types of 
taxes imply very different charges to the carriers on a par­
ticular river segment. Since the fuel tax does not account for 
the differences in OMRC cost between rivers, the charges that 
are realized by barge carriers who operate mostly on high-cost 
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rivers would be less in a fuel tax regime than in a segment-
specific tax structure. The fuel tax would spread the in­
cidence of OMRC costs from operators who use high-cost rivers 
to operators who use low-cost rivers. An analogous argument 
holds for the system-wide ton mile tax. The user of high-
cost rivers would pay comparatively less tax under the system-
wide tax than the segment-specific tax. 
The fuel tax has other efficiency considerations that should 
be examined. First, a tax on fuel raises the cost of fuel. 
From a conventional least-cost perspective, this is undesirable 
because the fuel price is distorted from its free market value 
and substitution to less fuel intensive resources will be made. 
Relatively more tax must be paid by 1) the less fuel-efficient 
firms, 2) firms that inherently, due to the commodity they haul 
or the manner in which they haul it, use more fuel per ton-
mile, and 3) firms that use more fuel per mile due to the 
rivers they commonly travel. 
The system-wide ton-mile tax has similar implications that 
are due to the taxing base of ton-miles. The firms that must 
pay more are those firms that haul denser commodities. This 
issue concerns the extent of river damage that is caused by 
miles traveled versus ton-miles. If the weight per barge has 
little effect on OMRC costs then a ton-mile tax is very in­
efficient which leads to the question of, in a unit-mile 
measurement, what should the unit be? The unit can be either 
weight or volume (barge numbers) and should, in efficiency 
I8l 
terms, be based on the unit measurement that is related 
closely with river damage. 
All of the taxing schemes that have been discussed 
have particular merits and drawbacks. Ideally, a combination 
of these taxes would provide the best taxing system and the 
ability to combine taxing methods adds great value to the 
lockage fee system. The lockage fee could be used to re­
cover 1) the costs associated with operating, maintaining, 
and repairing (OMR) lock-and-dam systems and 2) the costs 
associated with congestion at locks and dams. Charges for 
OMRC costs should be based on the principles regarding whether 
costs are in a high fixed or high variable cost context. 
Congestion costs add a new aspect to waterway user charges. 
Congestion refers to the waiting time that must be experienced 
when traversing a lockage system. Locks-and-Dam 26 at Alton, 
Illinois and Bonneville Dam on the Columbia River present the 
most severe bottlenecks on the waterway system although Locks-
and Dam 26 is currently being expanded. New construction of 
lock-and-dam systems to reduce congestion costs could be 
evaluated by users much more easily if a lockage fee system 
is used. When government agencies evaluate whether or not 
expansion is "cost-effective," the question can be posed to 
the user. The new project will reduce congestion or delay-
time by X amount and, in order to recover the cost of con­
struction, y amount per usage will be charged. Given these 
estimates, is the expansion worthwhile to the user? 
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Another consideration of user taxes is the cost of im­
plementing and enforcing the tax. The implementation and 
enforcement costs should be included when determining ef­
ficiency implications of taxing schemes. A "toll bridge" 
type system of enforcing and collecting user charges seems 
not to be relatively costly and might be used for lockage 
fees. The cost involved in charging and verifying flat fees 
might also be done in an inexpensive manner. But the ton-mile 
and fuel taxes may require barge companies to compile and 
report detailed documents that can be used to assess and 
bill each company's user taxes. In addition, the cost of 
desired verification and enforcement of valid reports might 
be costly (obviously the compliance level will depend large­
ly on the magnitude of any penalty fees which are set). The 
fuel tax presents an additional problem. If the fuel tax 
becomes large enough, it may be more profitable to not re­
port correct fuel expenses to the Internal Revenue Service 
so that the fuel surcharge does not have to be paid. 
Other Issues 
Equity issues are oriented around the means and rami­
fications of attaining resource usage and production levels. 
Economists usually avoid equity questions and rely on the 
marginal costing principle to answer questions regarding the 
means in which the market should work. But equity con­
siderations are very important behavioral and political 
aspects of our economy. 
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The first equity issue examined concerns whether the users 
are paying their "fair share." This criterion leads us back to 
the tax's ability to reflect usage. As the tax becomes more 
use-specific then, in terras of dividing the total user charges 
among barge operators according to usage, it is more equitable. 
It should be pointed out that equity evaluations are very sub­
jective^ and that the "use-specificity" standard should be 
evaluated in conjunction with other equity standards that will 
be discussed subsequently. But, based on the "fair share" 
criterion, the equity implications of the various taxes are the 
same regardless of how the costs are defined but efficiency 
implications are very dependent upon cost definition. 
Part of the previous section discussed efficiency impli­
cations under the assumption that virtually all OMRC costs are 
variable. The same factors that implied that a tax was less 
desirable in efficiency terms under the high-variable cost 
scenario can also be considered as causing less desirability 
in equity terms. That is, the efficiency drawbacks that are 
caused by the base of taxation are also drawbacks in terms 
of equity because of the firm, regional, and commodity cross-
subsidization implications. Again, these cross-subsidization 
implications are the same regardless of how the OMRC costs 
are divided between fixed and variable costs. 
The two-part tax described previously which recovers total 
^This does not imply that efficiency criteria are chosen 
without subjectivity. 
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OMRC costs by charging a flat fee to recover fixed costs and 
a use-specific tax to recover variable costs has an interest­
ing efficiency-equity tradeoff. As the share of OMRC fixed 
cost increases, efficiency may be realized by using the two-
part tax but a decrease in equity is also probable. 
The following are other issues that have surfaced in the 
political debate on the user charge issue. Most of these 
issues are discussed in Baumel, Hauser, and Beaulieu [4]. 
•Groups opposing waterway user charges argue that 
there has been a "free use" policy for the last 
195 years and people have made large investments 
under the presumption that the policy would not 
change; changing the policy now would be unfair. 
However, it is also argued that when the free use 
policy was developed. Congress did not envision 
the major government investments that have oc­
curred in locks, dams, dredging, maintenance, and 
other waterway projects. 
•Another issue of debate involves the comparison 
between subsidies which are now, or have been, 
granted to transport modes. The railroads were 
given the land for their right-of-way and are 
also being subsidized today through grants, low-
interest loans, and other means. Motor carriers, 
it is often argued, do not pay for the damage they 
cause to the highway system. Since other forms 
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of transportation receive federal subsidies, the 
barge industry should be allowed to receive its 
subsidy through a policy of no user charges. Pro­
ponents of user charges argue that many trans­
portation subsidies were initiated to enhance 
such things as national defense and economic de­
velopment. Since these objectives have been 
achieved, the subsidies are no longer needed. 
•Farmer or rural protection is also cited as a rea­
son to not impose user charges. Higher barge 
rates would be passed on in the form of higher 
farm input costs (especially fertilizer) and 
lower grain bids to the farmer. 
•Much political controversy concerns the accounting 
of benefits and costs. There may be benefits of 
waterway development (such as flood control and 
recreation) which cannot be measured accurately 
and are not accounted for correctly when deter­
mining waterway user charges. Costs may not be 
measured correctly due to the environmental 
problem that may be caused by locks and dams, 
dredging, and turbulence from tow boats. 
•No user taxes is also argued to be advantageous 
for the U.S. export market. That is, low cost 
transportation to export ports should be en­
couraged so that our grains are competitively 
186 
priced in the world market. 
•The question of whether the barge company or 
shipper will actually pay the charge is often 
debated. Will barge rates increase moderately 
or will rates increase by an amount that will 
virtually pass all of the user charge to the 
shipper? 
•The last issue concerns political reality. In­
herent characteristics of a particular taxing 
system may make it very politically amenable. 
For example, an increase in the current user 
charge may be more conducive to legislative 
passage if the increase is in the form of in­
creasing the current fuel-surcharge schedule 
rather than through a change in the taxing 
regime. 
In summary, the decision-making process must, explicitly 
or implicitly, attach weights to efficiency and equity im­
plications. For example, one of the fuel tax's efficiency 
drawbacks is that it increases fuel prices. Yet this 
drawback may be discounted if one of the federal policy's 
objectives is to reduce fuel consumption. Much of the 
federal transportation policy has been based on equity 
evaluations; future user charge policy will not be an ex­
ception. Good assessments of the efficiency-equity trade­
off will enable policy makers to evaluate the user charge 
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methods in a less ambiguous manner. 
Consideration of the efficiency/equity tradeoff should 
include some thought as to whether waterway costs are relative­
ly fixed or variable and how specific the taxes are with 
respect to waterway usage. In this context, efficiency 
evaluation is based primarily on the ability of the user 
charge to induce barge traffic decisions that are based 
on variable costs; equity evaluation is based primarily on 
the use specificity of the tax, regardless of whether the 
waterway costs are fixed or variable. 
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CHAPTER VII. CONCLUSION 
Summary of Results 
The following summary reviews briefly the impacts of water­
way user charges on grain barge shipments, tax revenues, and 
modal substitution that are derived in this study. 
Table 43 presents the 1985 projected total barge ship­
ments by river segment and computer solution. The Upper 
Mississippi River is most affected in terms of absolute diver­
sions. Up to 255 million bushels are taken away from barge 
traffic on the Upper Mississippi when user charges are imposed. 
The second most affected river is the Illinois which has up 
to 47 million bushels of barge traffic diverted after taxes. 
A notable difference between the Illinois and the Upper 
Mississippi Rivers is that the largest diversion on the Upper 
Mississippi represents 27 percent of the segment's base solu­
tion traffic whereas the largest diversion on the Illinois 
River is only a nine percent diversion. It is clear that the 
effects of waterway user charges, based on this study, will 
be primarily concentrated in the Upper Midwest. 
Since the impacts of user charges are mostly on the Upper 
Mississippi River, it is not surprising that the states most 
affected are Iowa and Minnesota. In fact, Iowa- and Minnesota-
produced grain accounts for over one-half of the barge traffic 
diversion under each tax scenario. 
Each crop has around 15 percent of its respective barge 
traffic diverted when taxes are imposed. For corn and beans. 
Table 43. Projected 1985 corn, wheat, and soybean barge shipments by solution and 
river in thousands of bushels 
Segment tax 
River Bar.e Fuel tax Fuel- No railroad 50 Percent 100 Percent 
segment response railroad railroad 
tax response response 
Upper 
Miss. 942 ,460 773,020. 
(-18.0)^ 
706,960 
(-25.0) 
687,050 
(-27.1) 
746,460 
(-20.8) 
756,210 
(-19.8) 
Lower 
Miss. 276 ,280 260,700 
(-5.6) 
260,700 
(-5.6) 
260,700 
(-5.6) 
275,320 
(-0.3) 
276,280 
(0) 
Illinois 532 ,180 484,950 
(-8.9) 
486,570 
(-8.6) 
488,380 
(-8.2) 
508,420 
(-4.5) 
526,330 
(-1.1) 
Missouri 65 ,680 27,410 
(-58.3) 
25,920 
(-60.5) 
25,920 
(-60.5) 
27,410 
(-58.3) 
58,720 
(-10.6) 
Ohio 191 ,910 179,380 
(-6.5) 
181,370 
(-5.5) 
181,370 
(-5.5) 
191,910 
(0) 
191,910 
(0) 
Snake-Co­
lumbia 169 ,160 160,460 
(-5.1) 
160,460 
(-5.1) 
160,460 
(-5.1) 
160,460 
(-5.1) 
162,600 
(-3.9) 
Arkansas 21 ,900 5,220 
(-76.2) 
5,220 
(-76.2) 
0 
(-100) 
5,220 
(-76.2) 
21,900 
(0) 
TOTAL 2 ,199 ,570 1,891,140 
(-14,0) 
1,827,200 
(-16.9) 
1,803,880 
(-18.0) 
1,915,200 
(-12.9) 
1,993,460 
(-9.4) 
^Percentage change from base solution. 
190 
most of the diversion occurs on the Upper Mississippi; wheat's 
diversions are spread more evenly across river segments be­
cause the Snake/Columbia, Arkansas, and Missouri River systems 
are important waterways for wheat haulage. 
Total user fees collected ranges from $50 million of 
fuel surcharges to $61.2 million under the segment tax sce­
nario with a 100 percent railroad rate response. Based on the 
grain that moves by barge after tax imposition, the taxes 
generated represent a weighted average that ranges from 2.65 
to 3-23 cents per bushel. 
Table 44 summarizes the barge shipment and tax results 
by presenting the percent of total barge shipments and percent 
of total user taxes paid by state for three tax scenarios. 
The different cross-subsidization effects between taxing 
methods is indicated by results shown in the table. 
States that use relatively high cost rivers (Upper Mis­
sissippi, Missouri, and Arkansas) such as Iowa, Minnesota, 
Kansas, and Oklahoma have shares of total tax burdens that are 
larger than their shares of total barge shipments in each tax 
scenario. But the difference between the tax burden share and 
the barge shipment share is larger under the segment tax re­
gimes than under the fuel tax scenario. The fuel tax allows 
the tax incidence to be diverted to some extent from the high 
cost river to the low cost rivers. 
Table 45 reviews the substitution that takes place be­
tween transport modes after user charges are imposed. 
Table 't'i. Projected 198[) percent 
taxes paid by state 
Fuel tax 
State Percent of Percent of 
total barge total taxes 
shipments collected 
AR 2.1 0.9 
ID 0.8 0.7 
IL 36.8 34.2 
IN 5.4 '1.0 
lA 28.7 34.'I 
KS 0.5 0.8 
KY 0.0 0.0 
LA 0.9 0.2 
MN 5.4 8.2 
MS 0.7 0.2 
MO 7.2 5.8 
MT 1.9 1.8 
NE 0.3 0.7 
OH 1.4 1.4 
OK 0.2 0.3 
OR 0.8 0.3 
SD 0.8 1.3 
WA 5.0 3.0 
WI 1.1 1.7 
TOTAL 100.0 100.0 
of total bar^e shipments and percent of user 
Segment tax 
No rail response 100 Percent Rail response 
Percent of Percent of Percent of Percent of 
total barge total taxes total barge total taxes 
shipments collected shipments collected 
2 . 2  0 . 7  2 . 0  0 . 6  
0.8 1.0 0.7 0.9 
38.7 31.9 37.0 28.8 
5.8 3.1 5.7 3.0 
27.6 37.6 28.5 37.3 
0.5 0.9 1.8 2.8 
0.0 0.0 0.7 0.3 
1.0 0.2 0.9 0.2 
4.2 8.2 3.8 7.2 
0.7 0.1 0.6 0.1 
7.6 5.2 6.9 4.5 
2.0 2.5 1.8 2.2 
0 . 3  0 . 7  0 . 6  1 . 2  
1.5 1.0 1.3 0.9 
0.0 0.0 1.1 3.9 
0.8 0.4 0.7 0.3 
0 . 0  0 . 0  0 . 0  0 . 0  
5.3 4.1 4.9 3.7 
1.2 2.4 1.1 2.1 
100.0 100.0 100.0 100.0 
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Table 45. Projected 1985 corn, wheat, and soybean shipments 
to export ports by mode in millions of bushels for 
base solution and percentage change from base so­
lution for selected tax solutions 
Segment tax 
Mode Base Fuel No 100 
solution tax railroad Percent 
response response 
Rail 
Rail-barge 273.9 -33.1 -54.4 -29.3 
Direct 2572.9 9.4 11.4 2.2 
TOTAL 2846.8 5.3 5.1 - 0.8 
Truck 
Truck-barge 1925.6 -11.3 -12.8 - 6.5 
Direct 610.4 10.8 16.7 24.4 
TOTAL 2536.0 - 6.0 
- 5.7 0.9 
The net effect in terms of bushels hauled by rail and truck 
is about a five percent increase and a six percent decrease, 
respectively, under each tax scenario. For both truck and rail 
haulage, an increase in direct shipments to export ports is 
offset by-a decrease in barge transhipment activity. 
Needed Work 
The needed work that is suggested in this section concerns 
some modifications of the model used in this study. These 
model changes would help reflect the sensitivity of the re­
sults with respect to some very fundamental factors of the 
model. The factors which are of selected importance are 1) 
the cost coefficients and 2) foreign demand. 
One critical assumption of this study is that waterway 
user charges cause barge rate increases that are equal to the 
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charges. If barge rate increases are less than user charges, 
it may be possible to collect target revenues with lower user 
charge levels. 
In conjunction with the problem of determining the barge 
rate response to user charges, barge traffic responses to these 
rate increases might be examined more closely by river seg­
ment in order to match tax revenues by segment with respective 
river segment costs. This study emphasizes the ability of 
the taxing scheme to generate total revenues that are equal 
to total costs of the inland waterway system. It may be 
desirable to fluctuate taxes by river segment such that reve­
nues and costs per river segment are nearly equal. 
Parametizing the barge rates (without changes due to user 
charges) might also be desirable. The barge rate structure 
that is used in this model represents the rate levels that ex­
isted during 198O. Unlike rail rates, spot barge rates have 
responded very quickly to supply and demand conditions. Hence, 
the relationship between the transport modal rate structures 
represents only one of many relationships that have existed in 
recent years. The parametization of barge rates would indicate 
the sensitivity of the results to different sets of barge 
structures and enable better estimates of barge rate elas­
ticities . 
The forces that affect rail rate levels may be different 
in the future than in the past. The primary reason for this 
change is due to the Staggers Rail Act of 198O. The Staggers 
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Act's major theme is one of deregulation. With respect to 
rail ratemaking, it states, in effect, that a carrier may 
establish any rate it wishes if the carrier does not have 
market dominance. If the carrier has market dominance, as 
described by law, the rate must be reasonable. Market domi­
nance cannot be presumed unless the rate to variable cost 
ratio exceeds 1.6. In addition, there can be no discussion 
of or voting on single line rates; no discussion of or voting 
on Joint line rates unless a carrier can "practicably partici­
pate." After January 1, 1984, discussion of and voting on 
joint line rates will be limited to carriers forming part 
of a particular route. The Staggers Act also allows for 
individual shipper-railroad negotiations concerning a rate 
and its respective terms such as volume and time period [32]. 
The ramifications of this act may provide a system of 
rail rate-making that relies more on supply and demand con­
ditions of the rail transport industry. 
In addition to examining the level of various rail rates 
due to deregulation, further examination of the competitive 
responses of rail companies to barge rate increases is needed. 
These competitive responses can be studied more closely now 
that railroads are freer to adjust rates without ICC inter­
vention. 
The increase in West Coast corn exports during recent 
years deserves further attention. During 1977, about 15 
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million bushels of corn were exported through the West 
Coast ports [54]. Since that time corn exports via these 
ports have grown tremendously. In 1980, 366 million bushels 
of corn were exported through Pacific Coast ports [59]. 
Two factors influencing the corn haulage to the western 
ports have been 1) a changing relationship between Gulf and 
West Coast ship rates to the Far East and 2) the introduction 
of multiple-car rail rates to the West Coast by western car­
riers. During the 1976/77 crop year, an estimated average 
ship rate from the Gulf to the Par East is 28.33 cents per 
bushel; the rate from the Northwest during the same time period 
is estimated to be 33-65. During the next three years there 
was a substantial growth in the absolute level of both these 
rates but, more importantly, the relative rates changed. The 
rates are estimated to be 86.25 and 67.50 cents per bushel from 
the Gulf and Northwest ports respectively, to the Par East.^ 
These relative rate changes, in conjunction with zhe new mul­
tiple-car rates, have caused much corn to flow out of the 
Nebraska area to the Northwest. 
Investigation of further effects of changing ship rate 
relationships may prove helpful in determining waterway usage 
for grain shipments and consequently waterway user charge 
impacts. 
Based on the ship-rate averaging procedure described 
in Chapter IV. 
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The level of grain quantity demands by foreign areas is 
also an important factor in determining waterway usage. The 
most important area seems to be the Far East. Far East 
quantity demands will be important for two reasons. The first 
reason is in regard to the above discussion concerning the 
recent change in port usage to the Northwest Coast and away 
from the Gulf. Although most of the producing areas that 
have shifted their grain destination to the Northwest have 
been areas that have not traditionally used the river system 
for grain transport, rate changes of the future may cause 
river using areas to transport grain by rail to the North­
west. This scenario seems most plausible for central and 
southern Minnesota. High enough levels of quantity demands 
in the Par East must accompany the rate changes. 
The second reason that the Far East quantity demand is 
important is because of its potential for growth. The new 
political relationship with China may offer an opportunity 
for large increases in grain shipments to the Far East. . 
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APPENDIX A. CRD MAP AND SUPPLY/DEMAND PROJECTIONS BY CRD 
Map M• CRD regions by state 
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Table Al .  1984/85 project ions of  corn production,  seed,  feed,  
and processing by region or c i ty  in 1000 bushels  
State  CRD, c i ty  Production Seed Feed Processing 
or total  
1  1,082 22 4,746 34,680 
2 4,791 71 14,481 0 
3 5,813 122 15,027 0 
4 502 15 3,872 2,020 
5 695 19 5 ,141 0 
6 534 17 6,564 0 
7 9 ,017 88 2,997 0 
8 4 ,784 78 5,769 0 
9 7,095 153 9,762 0 
20 808 26 24,937 0 
TOTAL 35,121 612 93,296 36,700 
6,718 80 24,591 0 
TOTAL 6,718 80 24,591 0 
1  147 2 32,629 0 
2 164 4 7,181 0 
3 964 13 8,612 0 
4 199 4 19,927 0 
5 247 5 5,817 0 
6 134 3 3 ,021 0 
7 163 4 17,214 0 
8 282 6 6,057 0 
9 391 7 1,681 0 
TOTAL 2,691 48 102,139 0 
43,542 533 201,344 23,040 
TOTAL 43,542 533 201,344 23,040 
]_ 20 2 2 ,455 0 
2 35,871 379 30,080 0 
6 61,144 589 19,644 0 
7 1 ,075 14 3,684 0 
8 113 2 1,227 0 
9 4,178 46 4,297 0 
TOTAL 102,401 1,032 61,387 0 
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Table Al. (Continued) 
State CRD, c i ty  
or total  
Production Seed Feed Processing 
DE • • • 16,740 172 21,844 0 
TOTAL 16,740 172 21,844 0 
FL 1  7,611 170 5,603 0 
3 10,273 230 12,880 1,810 
5 4 ,691 105 30,702 0 
8 1 ,844 41 13,946 0 
TOTAL 24,419 546 63,131 1,810 
GA 1  938 9 14,648 8,080 
2 1,293 15 33,269 0 
3 261 8 15,000 0 
4 2 ,106 63 7 ,571 0 
5 2 ,315 189 12,724 2,020 
6 7 ,831 232 10,114 0 
7 46,944 478 11,982 2,020 
8 31,292 459 19,994 0 
9 11,293 606 15,388 3,620 
TOTAL 104,273 2,060 140,690 15,740 
ID 2,966 116 22,228 0 
TOTAL 2,966 116 22,228 0 
IL 1  261,416 2,123 87,356 0 
3 171,342 1,346 26,849 5,160 
4 127,893 1,185 54,439 0 
5 236,299 1,891 25,322 0 
6 218,689 1,360 17,621 6,060 
7 40,273 363 24,262 0 
9 52,399 506 14,542 0 
40 156,041 1,303 60,241 0 
60 179,137 1,574 31,241 0 
Chicago . . .  82,190 
Decatur . . .  69,710 
Peoria . . .  27,750 
TOTAL 1 ,443,489 11,651 341,873 190,870 
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Table Al. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
IN 1 136,069 1,276 14,264 0 
2 97,036 950 34,234 3,020 
3 66,669 675 21,071 0 
4 97,114 794 14,822 18,860 
5 175,493 1,435 34,597 16,320 
6 55,973 521 16,304 0 
7 88,059 918 22,848 4,040 
8 36,301 311 12,110 0 
9 28,026 241 10,148 0 
TOTAL 780,740 7,120 180,398 41,240 
lA 1  232,843 2,059 87,971 0 
2 240,396 2,049 56,291 0 
3 229,723 1,725 81,358 0 
4 198,852 2,199 75,503 0 
5 233,171 2,262 61,511 3,620 
6 212,481 1,679 77,661 2,020 
7 109,196 1,158 39,507 0 
8 52,874 731 30,168 0 
9 132,513 1,242 54,639 0 
Cedar Rapids • • • 83,640 
Clinton • • • 33,870 
Keokuk 24,900 
Muscatine • « • • • • • • • 35,080 
TOTAL 1 ,642,049 15,104 564,609 183,130 
KS 1  25,649 287 6,516 0 
2 5 ,830 65 16,480 0 
3 8 ,343 94 13,385 0 
4 16,167 178 10,989 0 
5 4 ,473 56 12,804 0 
6 4 ,624 78 13,057 0 
7 81,069 811 28,631 0 
8 20,523 202 13,085 0 
9 838 20 15,165 0 
TOTAL 167,516 1,791 130,112 0 
KY 1  25,915 338 5 ,292 0 
2 77,851 729 13,631 11,640 
3 41,447 454 18,541 4,040 
4 5 ,235 52 3,526 6,060 
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Table Al. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
5 16,889 l66 11,353 0 
6 6 ,575 68 5,769 0 
TOTAL 173,912 1,807 58,112 21,740 
1  18 1  3,052 26,240 
2 29 2 2,398 0 
3 88 2 2,890 0 
n 6 0 1 ,531 0 
5 352 9 3 ,687 0 
6 202 8 8 ,892 0 
7 47 2 2 ,385 0 
8 76 2 1 ,608 0 
9 31 1  896 0 
TOTAL 849 27 27,339 26,240 
69,324 774 42,609 4,040 
TOTAL 69,324 774 42,609 4,040 
1  1,032 16 2,138 0 
2 2,698 42 2,493 0 
3  1 ,595 22 2,029 0 
4 3,965 66 2 ,600 0 
5 16,187 286 7,839 0 
6 43,048 560 11,770 0 
7 48,608 539 18,699 0 
8 75,515 983 21,350 0 
9 41,945 545 12,738 3,620 
TOTAL 234,593 3,060 81,656 3,620 
1  5,970 129 23,028 1,450 
2 862 19 7,790 0 
3 0 0 4 ,778 0 
4 66,597 1,081 57,922 0 
5  118,733 1,589 95,117 0 
6 24,874 393 21,956 0 
7 105,201 1,440 84,882 0 
8 203,438 2,055 81,386 0 
9 137,637 1,391 72,462 0 
TOTAL 663,312 8,907 449,321 1,450 
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Table Al, (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
1  99 2 527 0 
2  380 8 2,907 0 
3 1,133 24 5,149 0 
4 122 3 1,205 2,020 
5 780 20 13,454 0 
6 531 17 4,907 0 
7  430 14 4,297 0 
8 786 29 14,558 0 
9 1,291 36 11,807 0 
TOTAL 5,552 154 58,811 2,020 
1  47,233 654 27,504 0 
2 26,402 344 18,262 0 
3 28,788 373 22,559 0 
4 18,809 187 17,656 0 
5 17,116 233 33,420 0 
6 19,793 204 20,374 0 
7  455 7 16,158 0 
8 419 5 13,909 2,020 
9 23,070 197 5,680 0 
Kansas City 
• • • 
• • • . . .  30,070 
TOTAL 182,085 2,203 175,522 32,090 
741 93 17,890 0 
TOTAL 741 93 17,890 0 
1 22,451 228 14,250 0 
2  76,975 626 18,634 0 
3 155,642 1,866 91,140 0 
5 145,664 1,244 37,098 0 
6 199,207 1,943 76,972 2,020 
7 93,724 872 13,881 0 
8 111,364 979 18,778 0 
9 85,973 814 45,432 2,020 
TOTAL 891,000 8,957 316,185 4,040 
0 3,144 0 
TOTAL 0 3,144 0 
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Table Al. (Continued) 
State CED, City 
or total  
Production Seed Feed Processing 
NJ 5 ,635 100 8,374 0 
TOTAL 5 ,635 100 8,374 0 
NM 15,306 160 14,747 0 
TOTAL 15,306 160 14,747 0 
NY 63,280 1,548 138,791 16,520 
TOTAL 63,280 1,548 138,791 16,520 
NC 1  2,663 67 14,813 30,330 
2 5 ,068 140 7,029 0 
3 43,795 530 13,169 0 
4 2 ,276 52 3 ,853 0 
5 5,140 129 18,820 0 
6 41,032 579 16,209 13,090 
8 6,700 119 18,859 0 
9 36,494 475 27,285 2,020 
TOTAL 143,168 2,091 120,037 45,440 
ND 1  69 4 1 ,484 0 
2 337 1 1,991 0 
3 264 9 1 ,736 0 
4 79 2 2,586 0 
5 846 17 2 ,544 0 
6 2 ,736 67 2 ,434 0 
7 105 6 2,589 0 
8 644 20 3,885 0 
9 16,395 511 5 ,581 0 
TOTAL 21,475 637 24,830 0 
OH 1  77,161 745 17,767 0 
2 61,422 546 11,589 0 
3 38,581 372 13,152 0 
4 78,601 711 27,520 4,040 
5 114,926 937 20,473 9,570 
6 18,235 171 7,714 0 
7 56,143 452 14,183 34,090 
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Table Al. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
8 22,121 167 6 ,259 11,580 
9 12,668 113 4 ,261 0 
TOTAL 479,858 4,214 122,918 59,280 
1  7,141 100 5,200 0 
2 109 5 5 ,008 2,020 
3 110 5 4 ,414 0 
4 158 5 3,358 0 
5 210 4 6 ,454 0 
6 39 2 3 ,131 0 
7 318 5 3 ,540 0 
8 242 4 2 ,757 0 
9 35 2 2 ,775 0 
TOTAL 8,362 132 36,637 2,020 
1,057 43 17,117 0 
TOTAL 1 ,057 43 17,117 0 
140,636 1,830 103,416 41,820 
TOTAL 140,636 1,830 103,416 41,820 
1  1,237 20 3 ,941 4,040 
2 445 7 1 ,270 0 
3 18,243 300 5 ,132 0 
4 1 ,027 17 6 ,073 0 
5 15,324 252 8 ,977 2,020 
8 12,620 207 6 ,116 0 
TOTAL 48,896 804 31,509 6,060 
1  1,872 29 5,639 0 
2 4 ,420 l66 19,561 0 
3 11,849 286 19,941 0 
4 360 7 4,040 0 
5 6,666 203 19,752 0 
6 45,640 990 41,475 0 
7 1 ,310 16 5,304- 0 
8 3,686 84 9,391 0 
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Table Al. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
9 68,173 
TOTAL 143,976 
TN 1  5,855 
2 12,454 
3 10,707 
4 10,554 
5 12,000 
6 7 ,461 
Memphis  .  .  .  
TOTAL 59,031 
TX 1  177,321 
2 244 
3 22 
4 222 
5 178 
6 156 
7 2,111 
8 3 ,356 
9 7,868 
10 1,845 
11 28,538 
50 422 
TOTAL 222,283 
U T  . . .  1 , 7 0 6  
TOTAL 1 ,706 
VA 2 10,925 
4 1 ,238 
5 7 ,529 
6  1 3 , 4 7 5  
7 2,567 
8 3,684 
9 18,138 
TOTAL 57,556 
1,196 47,280 0 
2,977 172,383 0 
75 4 ,661 22,140 
184 10,963 0 
160 8 ,301 4,040 
139 13,734 0 
173 8,230 60,880 
114 11,725 0 
29,620 
845 57,614 116,680 
1,474 76,615 10,500 
2 12,688 0 
2 14,580 0 
12 18,308 6,060 
9 31,415 0 
0 7,200 0 
25 10,964 0 
92 28,193 0 
98 3,091 0 
88 9,764 0 
265 12,677 0 
12 9,772 0 
2,078 235,267 16,560 
112 11,701 0 
112 11,701 0 
166 13,055 22,210 
13 4,779 0 
131 7,273 0 
247 3,668 4,040 
22 6,949 0 
6 6  4 , 7 6 9  0  
301 9,946 0 
946 50,439 26,250 
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Table Al. (Continued) 
State CRD, c i ty  Production Seed Peed Processing 
or total  
• • • 10,508 145 24,751 0 
TOTAL 10,508 145 24,751 0 
5,716 108 11,877 0 
TOTAL 5,716 108 11,877 0 
1 14,509 274 14,525 0 
2 9,138 136 16,452 0 
3 11,038 158 8,266 0 
4 49,456 727 27,332 0 
5 30,591 427 12,056 0 
6 48,867 603 27,666 0 
7 49,751 618 35,267 0 
8 84,632 1,140 35,566 0 
9 29,543 394 9,432 2,020 
TOTAL 327,525 4,478 186,562 2,020 
2,985 91 6,853 0 
TOTAL 2,985 91 6,853 0 
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Table A2.  1984/85 project ions of  wheat  production,  seed,  feed,  
and processing by region or c i ty  in 1000 bushels  
State  CRD, c i ty  
or total  
Production Seed Feed Processing 
AL 1  85 6 95 0 
2  400 20 547 0 
3  141 8 624 0 
4 484 29 93 0 
5  293 20 144 0 
6 123 8 282 0 
7  243 12 95 0 
8  217 12 173 0 
9 244 20 257 0 
20 119 6 994 0 
TOTAL 15,238 140 1,268 0 
AZ 15,238 216 1 ,268 590 
TOTAL 15,238 216 1,268 590 
AR 1  48 2 1,597 0 
2  43 1  179 0 
3 14,261 441 577 0 
4  366 15 874 0 
5  521 20 303 0 
6 8 ,774 265 183 0 
7 1 ,556 55 956 0 
8 91 4 320 0 
9 1 ,083 36 58 0 
TOTAL 26,743 840 5,047 0 
CA 79,922 1,146 13,664 26,560 
TOTAL 79,922 1,146 13,664 26,560 
CO 1  1,312 95 175 590 
2 11,889 660 2,139 9,500 
6 38,990 2,050 1,396 0 
7 1 ,440 94 261 0 
8 1 ,916 2 88 0 
9  8 ,745 434 306 0 
TOTAL 64,292 3,335 4,365 10,090 
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Table A2. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
• • • 1,097 37 578 0 
TOTAL 1 ,097 37 578 0 
1  0 0 127 0 
3 0  0 330 0 
5 0 0 1 ,861 0 
8 0 0 302 0 
TOTAL 0 0 2 ,621 0 
1  249 8 399 60,670 
2 344 13 1 ,399 0 
3 524 17 448 0 
4  487 23 246 0 
5  1 ,347 59 425 0 
6  183 16 4l6 0 
7 461 15 337 0 
8  111 4 918 0 
9  28 3 831 0 
TOTAL 3 ,734 157 5,420 60,670 
1  12,871 279 305 0 
7  11,503 249 305 0 
8  21,591 468 305 0 
9  33,102 717 305 0 
TOTAL 79,067 1,713 1,220 0 
1  1,805 41 1,858 10,010 
3 2 ,029 47 872 0 
4  3,232 84 869 0 
5 2 ,320 59 443 0 
6 1 ,303 32 602 0 
7 12,674 362 520 5,230 
9 9 ,157 246 217 0 
40 14,399 375 1 ,014 9,620 
60 15,131 398 570 2,970 
TOTAL 62,050 1,645 6,965 27,830 
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Table A2. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
IN 1  3,730 
2 6 ,034 
3 7 ,923 
4 4 ,445 
5 9 ,390 
6 5 ,777 
7 6 ,918 
8 1 ,430 
9 1 ,098 
TOTAL 46,745 
l A  . . .  4 , 2 2 4  
TOTAL 4 ,224 
KS 1  45,838 
2 53,304 
3 12,430 
4 42,964 
5 59,687 
6 11,870 
7 41,620 
8 88,205 
9 17,357 
TOTAL 373,275 
KY 1  3,505 
2 7 ,255 
3 1 ,699 
4 131 
5 472 
6 207 
TOTAL 13,269 
LA 1  142 
2  3 0  
3 264 
4 6 
5 23 
6 53 
97 464 0 
167 1,336 0 
188 784 1,840 
124 324 0 
227 890 4,160 
142 431 0 
182 854 10,240 
46 422 0 
31 378 0 
1,204 5,884 16,240 
144 3,789 6,600 
144 3,789 6,600 
1,344 370 0 
1 ,687 465 0 
439 287 0 
1,484 976 0 
2,077 653 6,060 
437 371 0 
2 ,140 2,767 0 
3,082 665 28,990 
664 546 15,150 
13,352 7,101 50,200 
115 83 480 
278 299 0 
71 334 1 ,980 
5 68 0 
17 221 0 
8 195 0 
493 1 ,201 2,460 
7 91 0 
2  99 0 
17 59 0 
0 34 0 
4 110 0 
1 408 0 
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Table A2. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
7 43 2 57 0 
8 1  1  35 6 ,530 
9 3 1  21 0 
TOTAL 565 35 913 6,530 
4,518 140 1,152 280 
TOTAL 4,518 140 1,152 280 
1  103 0 51 0 
2  110 3 107 0 
3  221 7 53 0 
4 582 21 101 0 
5  3,871 101 328 0 
6  8 ,232 164 576 1,489 
7 3 ,920 106 776 6,590 
8 12,347 309 728 4,450 
9 8,639 223 554 2,380 
TOTAL 38,025 934 3,263 14,910 
1  76,886 2,061 6l4 40 
2 1 ,411 49 279 0 
3 31 0 269 0 
4 41,649 1,437 968 2,380 
5 12,272 515 1 ,550 0 
6 506 19 509 0 
7 8,667 268 1,474 0 
8 9,081 281 1,219 10,690 
9 2,899 83 1,025 0 
Minneapolis  . # . • 
• • • 
43,210 
TOTAL 153,402 4,711 7,906 56,320 
1  1,473 47 7 0  
2  622 28 59 0 
3 80 3 207 0 
4 585 23 33 0 
5  191 10 482 0 
6  266 11 99 0 
7  310 16 94 0 
8  94 5  883 0 
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Table A2. (Continued) 
State CRD, c i ty  
or total  
Production Seed Feed Processing 
9 154 8 323 0 
TOTAL 3 ,775 150 2,187 0 
MO 1  5,135 246 612 0 
2 6 ,169 137 398 0 
3 7 ,338 169 434 0 
h 11,141 340 431 0 
5 6 ,254 233 1,280 0 
6 7 ,175 227 534 0 
7 5 ,043 179 653 3,750 
8 212 14 285 210 
9 22,360 518 148 0 
Kansas City « • • • • • 57,920 
St .  Louis  • • • • • • • • • 22,390 
TOTAL 70,827 2,063 4,775 84,270 
MT 1  1,259 71 115 0 
2 77,391 2,521 115 0 
3 41,537 2,133 115 0 
5 20,922 651 115 8,010 
7 2 ,099 116 115 0 
8 10,348 387 115 0 
9 7,878 380 115 0 
TOTAL 161,434 6,260 806 8,010 
NE 1  37,047 1,263 512 0 
2 655 21 359 0 
3 799 31 2,487 0 
5 3 ,666 101 1,077 0 
6 7 ,751 304 2,592 16,810 
7 23,807 822 328 71 
8 9,380 334 515 0 
9 19,292 693 1,024 330 
TOTAL 102,397 3,533 8,894 17,210 
NV 1 ,685 33 125 0 
TOTAL 1 ,685 33 125 0 
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Table A2. (Continued) 
State CRD, c i ty  
or total  
Production Seed Feed Processing 
NJ • • • 1,083 41 373 0 
TOTAL 1,083 41 373 0 
NM . . 10,558 679 868 390 
TOTAL 10,558 679 868 390 
NY 5 ,935 172 5,208 81,930 
TOTAL 5 ,935 172 5,208 81,930 
NO 1  239 9 676 0 
2 1 ,259 54 281 0 
3 1 ,383 50 253 0 
4 64 2 155 0 
5 1 ,189 47 642 0 
6 864 33 466 0 
8 767 30 937 0 
9 409 17 1 ,205 0 
TOTAL 6 ,174 240 4,615 0 
ND 1  . 39 ,023 1,819 46 0 
2 27,385 1,210 56 0 
3 67,768 2,108 47 4,160 
4 19,764 956 72 0 
5 31,401 1,464 70 0 
6 52,905 1,456 56 0 
7 18,183 1,065 70 0 
8 16,381 902 98 0 
9 43,450 1,673 130 0 
TOTAL 316,260 12,654 646 4,160 
OH 1  24,112 549 944 6,530 
2 13,975 317 419 2 ,970 
3 2,840 83 561 6,530 
4 16,535 374 1,209 670 
5 13,968 300 668 3,030 
6 812 27 258 0 
• 7  3,667 91 358 3,030 
8 1 ,467 36 205 0 
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Table A2. (Continued) 
State CRD, c i ty  Production Seed Feed Processing 
or total  
9 663 16 150 0 
TOTAL 78,039 1,793 4,772 22,760 
1  21,156 1,104 803 0 
2 89,408 2,792 612 11,760 
3 3 ,948 140 296 0 
4 43,477 1,423 337 1 ,780 
5 34,138 1,087 331 5,350 
6 936 30 l6 l  0 
7 53,371 1,890 515 0 
8 6 ,200 194 101 0 
9  405 13 234 0 
TOTAL 253,039 8,675 3,390 18,890 
1  22,179 563 243 8 , l4o 
2 17,728 450 243 0 
3  18,198 462 243 2,970 
7 630 16 243 0 
8 5 ,583 142 243 0 
TOTAL 64,318 1,632 1,217 11,110 
8,520 286 3 ,752 20,750 
TOTAL 8 ,520 286 3 ,752 20,750 
1  539 21 210 0 
2 224 9 87 0 
3 780 31 304 0 
4 453 18 176 0 
5 1 ,146 45 446 0 
8 226 9 88 0 
TOTAL 3 ,368 132 1 ,311 0 
1  9,994 527 85 0 
2 16,251 1,389 391 0 
3 16,609 1,080 395 0 
4 6 ,123 361 59 0 
5 7 ,011 515 399 0 
6 3 ,759 197 644 0 
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Table A2. (Continued) 
State CRD J c i ty  Production Seed Feed Processing 
or total  
7 4 ,602 187 128 0 
8 7 ,749 389 121 0 
9 2 ,484 110 753 0 
TOTAL 74,582 4,754 2,975 0 
1  4,378 138 146 0 
2 2,567 100 218 0 
3 1,752 69 194 0 
4 1 ,329 56 292 0 
5 1 ,331 58 197 0 
6 956 38 280 0 
TOTAL 12,313 459 1 ,327 0 
1 43,957 2,338 5,723 140 
2 29,002 1,830 727 0 
3 7 ,191 436 451 15,139 
4 31,652 1,216 833 0 
5 635 33 869 0 
6 1 ,182 23 457 0 
7 2 ,028 182 392 0 
8 1,928 205 1,293 5,520 
9 75 6 65 0 
10 1 ,045 58 476 0 
11 5,624 407 772 0 
50 100 6 329 0 
TOTAL 124,419 .6 ,735 12,388 20,800 
7,481 328 1,392 18,750 
TOTAL 7 ,481 328 1,392 18,750 
? 643 20 756 16,320 
4 139 3 245 0 
5 1 ,389 50 201 0 
6 3 ,063 101 129 0 
7 35 1  196 0 
8 982 42 154 0 
9 1 ,319 53 . 192 0 
TOTAL 7 ,570 272 1,874 16,320 
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Table A2. (Continued) 
State CRD, c i ty  Production Seed Peed Processing 
or total  
1  2,067 37 411 9,050 
2 20,241 510 411 0 
3 10,135 247 411 7,300 
5 66,309 1,913 411 0 
9  44,804 1,242 411 0 
TOTAL 143,556 3,949 2,054 16,350 
310 12 609 0 
TOTAL 310 12 609 0 
1  76 2 476 0 
2  55 2 435 0 
3 97 2 167 0 ii  335 14 689 0 
5 87 4 270 0 
6 545 14 606 0 
7  50 2 792 0 
8 1 ,149 27 883 0 
9 898 27 300 0 
TOTAL 3,292 93 4,619 0 
7 ,571 389 297 0 
TOTAL 7,571 389 297 0 
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Table A3.  1984/85 project ions of  soybean production,  seed,  
and processing by region or c i ty  in 1000 bushels  
State  CRD, c i ty  Production Seed Processing 
or total  
AL 1 
2 
3 
4 
5  
6 
7  
8 
9 
20 
2,679 
10,503 
5,342 
5,353 
7,134 
2,532 
5,438 
7,038 
7,614 
2,900 
140 
504 
218 
231 
384 
132 
223 
277 
337 
119 
32,550 
0 
0 
0 
0 
0 
0  
0 
470 
0 
TOTAL 56,533 2,565 33,020 
AR 1  
2 
3 
4 
5 
6 
7  
8 
9 
39 
77 
43,868 
2,002 
3,144 
58,832 
4,261 
1,630 
14,490 
2 
3 
1 ,711 
88 
137 
2,217 
215 
74 
674 
6 ,300 
0 
24,150 
0 
0 
44,310 
0 
0 
0 
TOTAL 128,343 5,121 74,760 
CA 0 0  5 ,560 
TOTAL 0 0  5,560 
DE 7 ,343 267 0 
TOTAL 7,343 267 0 
FL 1  
3 
5 
8  
9 ,495 
1,228 
1,834 
3 
386 
50 
75 
0 
0 
0 
0 
0 
TOTAL 12,560 511 0 
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Table A3. (Continued) 
State CRD, c i ty  Production Seed Processing 
or total  
GA 1  5,417 170 40,950 
2 2 ,555 108 0 
3 3 ,208 141 0 
4 4 ,424 201 0 
5 6 ,059 379 4,930 
6 10,600 630 0 
7 11,471 453 0 
8 9,501 362 15,750 
9 2 ,555 125 0 
TOTAL 55,790 2,569 61,630 
IL 1  26,634 694 0 
3 36,176 987 0 
4 30,772 867 26,250 
5 52,424 1,249 21,000 
6 58,862 1,526 44,780 
7 29,469 972 21,000 
9 25,254 977 0 
40 57,444 1,542 32,550 
60 66,181 1,746 0 
Chicago 17,320 
Decatur 70,340 
TOTAL 383,216 10,560 233,240 
IN 1 23,220 678 0 
2 18,680 567 26,250 
3 19,828 602 25,250 
4 22,730 629 6,300 
5 44,178 1,098 25,200 
6 16,369 464 0 
7 17,195 478 0 
8 2,194 81 0 
9 4,354 149 0 
TOTAL 168,748 4,746 83,000 
lA 1 68,512 1,581 18,430 
2 62,585 1,666 7,660 
3 25,104 606 0 
4 54,880 1,273 1,050 
5 51,881 1,446 0 
6 23,465 655 0 
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Table A3. (Continued) 
State CRD, c i ty  Production Seed Processing 
or total  
7 29,044 853 0 
8 12,238 449 0 
9  2 0 , 9 5 5  6 7 8  8 , 0 8 0  
Cedar Rapids 23,100 
Des Moines 40,950 
Fort  Dodge 70,710 
Sioux City 29,920 
TOTAL 348,664 9,207 199,900 
K S  . . .  3 8 , 3 7 9  1 , 7 9 9  3 8 , 4 5 0  
TOTAL 38,379 1,799 38,450 
KY 1  15,168 554 0 
2 34,239 1,099 10,500 
3 9 ,184 301 0 
4 647 22 0 
5 1 ,411 43 0 
6 421 13 0 
Louisvi l le  28,350 
TOTAL 61,070 2,032 38,850 
LA 1  2,614 119 1,570 
2  8 7 1  4 4  0  
3 17,992 840 0 
4 2 ,702 102 0 
5 44,345 1,481 15,750 
6 1 ,047 36 0 
7  23,611 943 0 
8 4 ,229 123 0 
9  470 10 0 
TOTAL 97,881 3,698 17,320 
M D  . . .  1 3 , 0 6 5  4 4 0  1 7 , 8 5 0  
TOTAL 13,065 440 17,850 
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Table A3. (Continued) 
State CRD, City 
or total  
Production Seed Processing 
MI 1  3 0  0 
2 9 0 0 
3 20 0 0 
4 43 1  0 
5 3 ,824 127 0 
6  7 ,033 279 0 
7 1 ,738 64 0 
8 7 ,275 254 0 
9 8,599 312 0 
TOTAL 28,544 1,037 0 
MN 1  318 13 0 
2 0 3 0 
3 0 0  0 
4 17,738 758 15,750 
5 29,901 835 10,500 
6 1 ,291 47 5 ,250 
7 53,252 1,473 0 
8 71,833 1,722 46,530 
9 12,780 406 650 
TOTAL 187,113 5,257 78,680 
MS 1  18,705 686 25,320 
2 15,711 593 520 
3 13,329 610 0 
4 25,040 1,018 11,550 
5 8 ,081 302 24,410 
6 15,942 635 0 
7 9 ,445 344 0 
8 3,607 128 0 
9 5 ,734 190 0 
TOTAL 115,594 4,506 61,800 
MO 1  30,455 1,039 0 
2 29,146 984 0 
3 30,975 1,039 31,500 
4 9 ,608 394 0 
5 17,352 476 0 
6 11,006 373 0 
7 5 ,700 270 0 
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Table A3. (Continued) 
State CRD, City 
or total  
Production Seed Processing 
8 860 34 0 
9 44,150 1,530 0 
Kansas City 35,170 
TOTAL 179,252 6,139 66,670 
NE 1  0 0 1 ,360 
2 411 2 0 
3 20,844 673 1,050 
5 1,067 25 0 
6 24,217 824 24,150 
7 156 2 0  
8 383 11 0 
9 8 ,485 269 0 
TOTAL 55,563 1,806 26,560 
NJ 5,870 197 0 
TOTAL 5 ,870 197 0 
NY 754 31 0 
TOTAL 754 31 0 
NC 1  261 13 0 
2 2,062 120 0 
3 20,954 461 2,100 
4 227 14 0 
5 2 ,071 125 0 
6 7,907 432 15,640 
8 3 ,910 308 0 
9 11,005 641 16,250 
TOTAL 48,397 2,114 33,990 
ND 1 0 0 0 
2 4 0 0 
3 119 6 0 
4 0  0 0 
5 0 0 0 
6 2 ,6l6 87 0 
7 0 0 0 
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Table A3. (Continued) 
State CRD, c i ty  Production Seed Processing 
or total  
8 0 0 0 
9 2,280 75 0 
TOTAL 5 ,019 168 0 
OH 1  34,952 1,052 16,380 
2 24,638 701 8,400 
3 2 ,521 84 0 
4 30,499 788 24,150 
5 44,021 1,086 5,770 
6 213 7 0 
7  17,975 484 0 
8 8 ,300 264 0 
9 589 18 0 
TOTAL 163 ,708  4,484 54,700 
O K  . . .  7 , 9 9 1  4 2 7  4 , 7 2 0  
TOTAL 7 ,991 427 4,720 
P A  . . .  2 , 8 3 9  9 3  0  
TOTAL 2 ,839 93 0 
SC 1  3,168 152 5,040 
2 1 ,485 71 0 
3 13,816 661 4,620 
4 2 ,967 142 0 
5 9,863 472 10,500 
8 7 ,380 353 0 
TOTAL 38,679 1,851 20,160 
SD 1 0 0 0 
2 12 2 0 
3 981 37 0 
4 0 0 0 
5 226 6 0 
6 4 ,670 142 0 
7 0  0 0 
8 157 5 0 
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Table A3. (Continued) 
State CRD, c i ty  Production Seed Processing 
or total  
9 14,356 404 0 
TOTAL 20,402 596 0 
TN 1  27,471 1,015 1,570 
2 23,682 1,183 0 
3 9 ,695 424 2 ,100 
4 7 ,110 264 0 
5  3 ,635 159 0 
6  1 ,409 57 0 
Memphis  53,540 
TOTAL 73,002 3,102 57,210 
TX 1  2,089 75 6 ,570 
2 37 2 0 
3 11 1 0 
4 974 80 0 
5 1,790 120 0 
6 0 0 0 
7 23 1  0 
8 112 7 0 
9 21,328 852 10,500 
10 3 0 0 
11 672 28 0 
50 1 ,689 31 0 
TOTAL 28,728 1,197 17,070 
VA 2 368 12 0 
4 8  0 0  
5  2 ,030 74 0 
6 6,868 222 15,750 
7 3 0  0  
8 1 ,124 47 0 
9 5 ,658 176 0 
TOTAL 16,059 531 15,750 
WI 1  129 7 0 
2 20 1 0 
3 7 0  
4 686 33 0 
5  192 9 0  
233 
Table A3. (Continued) . 
State CRD, c i ty  
or total  
Production Seed Processing 
6 369 12 0 
7 747 20 0 
8 3 ,417 87 0 
9 4 ,163 120 0 
TOTAL 9 ,730 290 0 
234 
APPENDIX B.  ACTIVITY LEVELS AGGREGATED ACROSS TIME PERIODS 
AND CRD SUBDIVISIONS BY SOLUTION 
Table Bl .  Projected 1985 grain f lows by crop,  originating state  and CRD, 
dest ination,  transport  mode,  and solution in mil l ions of  bushels  
Origin Solution 
Crop State  CRD Dest ination Mode One& Two^ Three^ Pour^ Five® f Six^ 
S^ AL 04 
07 
09 
09 
GU^ 
GU 
GU 
DOM 
ip^ 
Rl*^ 
T 
18.64 
5.21 
3.22 
5.98 
18.64 
5.21 
3.22 
5.98 
18.63 
5.21 
3.22 
5.98 
18.63 
5.21 
3.22 
5.98 
18.64 
5.21 
3.22 
5.98 
18.64 
5.21 
3.22 
5,98 
S AR 03 
03 
GU 
DOM 
R1 
T 
18.00 
18.82 
18,00 
18,82 
18,00 
18,82 
18,00 
18,82 
18,00 
18.82 
18,00 
18.82 
^Base solution,  
^Fuel  tax solution.  
^Fuel-segment tax solution.  
*^Segment tax solution.  
^Segment tax,  50 percent  rai lroad rate response solution,  
f Segment tax,  100 percent rai lroad rate response solution.  
^Soybeans.  
^Gulf  of  Mexico for export .  
^Truck.  
^Rail—single  car.  
^Domestic  dest ination for feed and/or processing.  
Table Bl. (Continued) 
Origin Solution 
Crop State CRD Destination Mode One Two Three Pour Five Six 
PL 
GA 
IL 
01 
03 
04 
04 
05 
05 
07 
09 
01 
01 
03 
03 
03 
04 
04 
05 
05 
05 
06 
06 
GU 
Gu 
DOM 
DOM, 
EST^ 
DOM 
GU 
EST 
DOM 
RIV'" 
LAK^ 
RIV 
DOM 
RIV 
RIV 
DOM 
LAK 
DOM 
DOM 
DOM 
m 
RI 
RI 
T 
RI 
T 
T 
RI 
RI 
TB 
T 
TB 
T 
TB 
TB 
T 
RI 
RI 
RI 
T 
n 
9.11 
1.18 
3.49 
0.74 
6.44 
4.28 
11.02 
2.43 
25.93 
5 . 2 8  
18.29 
1 1 . 6 1  
6 . 1 6  
6.58 
3 8 . 6 2  
'o!oi 
0 .  0 0  
13.69 
9.11 
1.18 
3.49 
0.74 
6.44 
4.28 
11.02 
2.43 
3.31 
2 2 . 6 2  
0.12 
18.29 
16.77 
6.16 
6.58 
3 8 . 6 2  
'o!oi 
0 . 0 0  
13.69 
9.11 
1.18 
3.49 
0.74 
6.44 
4.28 
11.02 
2.43 
5.32 
20.61 
0.40 
18.29 
16.49 
6. l6 
6.58 
3 8 . 6 2  
'o!oi 
0 . 0 0  
1 3 . 6 9  
9.11 
1 . 1 8  
3.49 
0.74 
6.44 
4 . 2 8  
11.02 
2 . 4 3  
3 . 5 1  
22.42 
0.40 
1 8 . 2 9  
1 6 . 4 9  
6 . 1 6  
6 . 5 8  
3 8 . 6 2  
'o!oi 
0 . 0 0  
1 3 . 6 9  
9 . 1 1  
1 . 1 8  
3 . 4 9  
0 . 7 4  
6.44 
4.28 
11.02 
2.43 
25.93 
1 6 . 8 9  
1 8 . 2 9  
6 . 1 6  
6.58 
3 8 . 6 2  
0.01 
0 . 0 0  
1 3 . 2 5  
9.11 
1 . 1 8  
3.49 
0.74 
6.44 
4.28 
11.02 
2.43 
25.93 
3.17 
1 8 . 2 9  
13.72 
6 . 1 6  
6 , 5 8  
3 8 . 6 2  
'o!oi 
0 . 0 0  
7 . 8 3  
m 
East coast for export. 
River for transhipment by barge, 
n Truck-barge. 
Great Lakes for export. 
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
0 6  GU RI25 
0 6  LAK T 
0 6  DOM T 
07 DOM RI 
07 RIV TB 
07 RIV TB 
40 DOM T 
40 RIV TB 
6 0  DOM RI 
6 0  DOM T 
6 0  GU RI25 
6 0  RIV TB 
0 1  EST R659 
0 1  EST RIOO^ 
0 1  LAK RI 
0 1  LAK T 
0 1  DOM RI 
0 1  DOM T 
04 EST RlOO 
05 DOM T 
05 EST RlOO 
^Rall—125 cars. 
'^Rall—65 cars. 
^Rall—100 cars. 
Solution 
One Two Three Pour Five Six 
8 . 1 5  8 . 1 5  
0.53 0.53 
21.11 21.11 
2 3 . 2 2  2 3 . 2 2  
4.87 4.87 
19.57 19.57 
2.20 3.15 
0.33 0.33 
2 2 . 7 8  2 2 . 7 8  
24.88 23.92 
. . . 5.63 
1 6 . 4 5  1 6 . 9 0  
0 . 5 1  .  .  .  
0 . 0 0  0 . 0 0  
5.57 . . . 
1 1 . 2 3  11.23 
5.92 5.92 
3 . 8 1  3 . 8 1  
8 . 1 5  8 . 1 5  
0.53 0 . 5 3  
21.11 21.11 
2 3 . 2 2  2 3 . 2 2  
4 . 8 7  4 . 8 7  
19.57 19.57 
3.15 3.15 
0.33 0.33 
2 2 . 7 8  2 2 . 7 8  
23.92 23.92 
5.63 5.63 
1 6 . 9 0  1 6 . 9 0  
0 . 0 0  0 . 0 0  
i l !  2 3  i l . ' 2 3  
5 . 9 2  5 . 9 2  
3 . 8 1  3 . 8 1  
8 . 1 5  8 . 1 5  
0.44 2.40 
. . . 3.46 
0.53 0.53 
21.11 21.11 
23.22 23.22 
4.87 4.87 
19.57 19.57 
3 . 1 5  2 . 6 3  
0.33 0.33 
2 2 . 7 8  2 2 . 7 8  
23.92 24.44 
1 6 . 4 5  5 . 6 3  
.  .  .  1 6 . 9 0  
0 . 0 0  .  .  .  
6 . 0 8  . . .  
.  .  .  0 . 0 0  
1 1 . 2 3  i l . 2 3  
5 . 9 2  5 . 9 2  
3 . 8 1  3 . 8 1  
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
06 EST RlOO 
06 RIV TB 
06 DOM R1 
07 DOM T 
07 RIV TB 
08 DOM RI 
08 DOM T 
01 DOM T „ 
01 DOM R50^ 
01 DOM T t 
01 GU R75 
01 GU Rl,, 
01 RIV RB^ 
01 DOM R50 
02 DOM R50 
02 DOM R50 
02 DOM T 
02 DOM T 
02 GU R50 
02 GU R75 
02 RIV RB 
02 RIV TB 
02 RIV RB 
03 GU Rl 
03 RIV TB 
^Rall—50 cars. 
^Rall—75 cars. 
^Rail-barge 
Solution 
One Two Three Four Five Six 
4.15 4.15 4.15 4.15 4.15 4.15 
5.57 5.57 5.57 5.57 5.57 5.57 
0.16 0.16 0.16 0.16 0.16 0.16 
7.82 7.82 7.82 7.82 7.82 7.82 
7.02 7.02 7.02 7.02 7.02 7.02 
0.07 0.07 0.07 0.07 0.07 0.07 
6.25 6.25 6.25 6.25 6.25 6.25 
4.67 5.13 8.25 8.25 5.02 5.02 
1.12 • t • • • • 1.12 
11.69 11.23 8.12 8.12 11.34 11.34 
3 1 . 0 6  31.06 30.78 30.78 14.15 30.35 
• • • • • • 1.36 1.36 • • • 
1.36 1.36 • * • 1.36 1.36 
0.41 0.69 0.69 17.32 
5.83 7.74 7.74 7.74 5.83 0.02 
7.89 7.89 5.87 7.68 7.89 12.18 
• • • 2.09 2.09 2.09 2.09 2.09 
22.28 21.94 2 6 . 5 9  26.58 25.57 25.57 
8.81 8.81 4.97 4.36 0.88 0.88 
• • • • • • 4.29 • • • 
0.00 0,00 1.21 0,00 0,00 0.00 
6.70 4.61 4.61 4.61 2.21 3.09 
1.74 0.18 0.18 0.18 4.49 9.42 
0.00 0.00 0.00 0.00 0.00 0.00 
20.61 20.61 20.61 20.61 20.61 20.61 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
03 RIV RB 
04 DOM T . 
04 DOM R25 
04 DOM T 
04 DOM R25 
04 DOM T 
04 GU R25 
04 GU R50 
04 R1 
04 R25 
04 NW R75 
04 RIV RB 
04 RIV TB 
05 DOM T 
05 DOM T 
05 DOM T 
05 GU R75 
05 RIV RB 
06 DOM T 
06 LAK R1 
06 RIV TB 
06 DOM R1 
07 DOM T 
07 GU R25 
07 GU R50 
07 NW R75 
07 RIV TB 
08 DOM T 
^Rall—25 cars. 
^Northwest coast for export. 
Solution 
One Two Three Four Five Six 
3.87 3.87 3 . 8 7  3.87 3.87 3.87 
• * • 3.11 3 . 2 2  3 . 2 2  
• » • . . • 0,42 
1 5 . 0 0  13.76 11.25 11.25 1 5 . 0 0  15.00 
3.83 1.64 1,64 1,64 5.39 5.40 
16.39 1 6 . 6 1  1 6 , 6 1  1 6 . 6 1  1 2 , 8 6  1 2 , 8 6  
0.39 0.39 1 . 5 6  1 . 5 6  0,39 
0 . 0 1  0 , 0 1  
0.04 2 . 8 7  9 . 5 8  9.58 0.04 t f t 
• # • • • t 2 . 3 2  • # t • » • 
4.32 3 , 2 3  4 , 1 9  9 . 6 1  4.82 4,82 
12.11 10.95 7.74 1 0 . 8 5  10,84 
0.50 
11,44 6.06 6. 0 6  8.57 8.57 6. 0 6  
14.20 12.11 12.11 12,11 12,11 12,11 
20.63 2 0 . 9 4  19.41 19.40 20.94 20,94 
• • • 1 . 5 1  1.51 1.51 1.51 1 . 5 1  
9.82 9.82 8.85 8 . 8 5  9.82 4,44 
8.90 8 . 9 0  8 . 9 0  8 . 9 0  8 , 9 0  8 , 9 0  
• f t 0 , 0 0  • It 
13.92 1 3 , 9 2  13.92 1 3 . 9 2  13.92 13.92 
0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  » » » 0 , 0 0  
8 . 2 0  8 . 2 1  8 . 2 1  8 . 2 1  8 , 2 1  8 . 2 1  
6. 6 8  6. 6 8  6 . 6 8  6. 6 8  6, 6 8  6 . 6 8  
3 . 6 3  3.63 3 . 6 3  3 . 6 3  3 . 6 3  3 . 6 3  
8 . 1 8  8 . 1 8  9 . 6 7  9 . 6 7  8 , 1 8  8 . 1 8  
1 . 5 0  1.49 • • • 1.49 1.49 
5 . 8 6  5 , 1 9  5 . 1 9  5 . 1 9  5 . 8 6  5 . 8 6  
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
08 GU R25 
08 GU R50 
08 LAK R1 
08 RIV TB 
08 DOM R1 
0 9  RIV TB 
01 GU R1 
01 RIV TB 
02 DOM HI 
02 DOM HI 
03 DOM R1 
03 DOM R1 
13 DOM T 
23 DOM T 
03 RIV TB 
05 GU T 
06 EST RlOO 
08 EST RlOO 
05 LAK R1 
05 LAK T 
05 RIV TB 
07 GU R25 
07 GU R50 
07 GU R75 
07 LAK T 
08 GU R 2 5  
One Two 
Solution 
Three Pour Five Six 
0.12 
3.57 
2 . 1 2  
0 . 1 2  
1 2 . 1 9  
14.62 
10.58 
13.91 
'O!52 
4.44 
3.92 
17.15 
57.95 
24.48 
3.09 
0.87 
17.70 
7.64 
6.73 
26.27 
11.15 
0.79 
3.57 
2.12 
0.12 
12.19 
14.62 
'9^63 
14.89 
0 . 5 2  
'4.'44 
3.92 
17.15 
57.95 
24.48 
3 . 0 9  
8.89 
0 . 8 7  
8 . 8 2  
8.35 
6.73 
25.56 
1 1 . 1 5  
0.79 
3.57 
2 . 1 2  
0 . 1 2  
1 2 . 1 9  
14.62 
'9^63 
14 . 8 9  
0 . 5 2  
4.44 
3.92 
17.15 
57.97 
24.48 
3 . 0 9  
17.70 
0 . 8 7  
8.35 
6.73 
25.56 
11.15 
0.79 
3.57 
2!l2 
0.12 
12.19 
14.62 
9.63 
14.89 
0.52 
'4.'44 
3.92 
17.15 
57.97 
24.48 
3 . 0 9  
1 7 . 7 0  
0 . 8 7  
8! 35 
6.73 
25.56 
1 1 . 1 5  
0.12 
3.57 
0.12 
2.12 
i2!l9 
14,62 
9.63 
14.89 
0.52 
'4.'44 
3.92 
17.15 
57.97 
24 .48 
3 . 0 9  
17.70 
0 . 8 7  
7.91 
6.73 
2 6 . 0 0  
1 1 . 1 5  
2 0 . 2 6  
0.12 
3.57 
2^12 
0.12 
12.19 
14.62 
10.15 
14.37 
ru 
0.52 o 
4.44 
3.92 
17.15 
57.97 
24,48 
3 . 0 9  
17.70 
0 , 8 7  
6.73 
2 6 . 2 7  
1 8 . 7 9  
Table B1. (Continued) 
Origin Solution 
Crop State CRD Destination Mode One Two Three Pour Pive Six 
08 LAK RI . . . 23.58 23.58 23.58 3.32 2 3 . 5 8  
0 8  RIV TB 23.58 • t • • • • • • • 
09 RIV TB 11.72 11.72 11.72 11.72 1 1 . 7 2  1 1 . 7 2  
S MS 0 2  DOM T 14.60 14.60 14,60 14.60 14. 6 0  14.60 
03 GU T 1 2 . 7 2  12.72 1 2 . 7 2  1 2 , 7 2  1 2 . 7 2  1 2 . 7 2  
04 RIV TB 12.47 12.47 1 2,47 1 2.47 1 2.47 1 2 . 4 7  
0 5  GU RI 1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  
S MO 01 DOM T 25.96 25.96 2 5 . 9 6  2 5 . 9 6  2 5 . 9 6  2 5 . 9 6  
01 RIV TB 3.45 3.45 3.45 3.45 3.45 3.45 
02 GU RI 0.00 0.00 0.00 0.00 0.00 0.00 
02 RIV TB 2 8 . 1 7  28.17 2 8 . 1 7  2 8 . 1 7  2 8 . 1 7  2 8 . 1 7  
01 DOM T 9.21 9.21 9.21 9.21 9.21 9 . 2 1  
05 RIV TB 1 6 . 8 8  1 6 . 8 8  1 6 . 8 8  1 6 . 8 8  16.88 1 6 , 8 8  
09 RIV TB 29.55 29.55 29.55 29.55 29.55 29.55 
S NE 03 DOM T 11.33 7.76 7.76 7.76 7.76 7.76 
03 GU R50 • • * 2 . 6 3  2 . 6 3  2.63 2 . 6 3  2 . 6 3  
03 NW R25 0 . 9 5  1 , 8 9  1 . 8 9  1 . 8 9  1 . 8 9  1 . 8 9  
03 NW R75 6 . 8 4  6.84 6,84 6.84 6.84 6.84 
09 GU RI 0.40 1.01 1,01 1.01 6,27 0.40 
09 NW R25 2.56 1.95 1.95 1.95 1.95 2 , 5 6  
09 NW R75 • • • 5 . 2 6  5 . 2 6  5.26 
09 RIV TB 5 . 2 6  
• ' • 
5 . 2 6  
S NO 01 EST RI 3.93 3 . 9 3  3 . 9 3  3 . 9 3  3.93 3.93 
01 DOM RI 0.44 • • » • t • 
01 DOM RI 3.59 4.02 4,02 4.02 4.02 4.02 
03 EST T 1 1 . 8 9  1 1 . 8 9  11,89 1 1 . 8 9  1 1 . 8 9  1 1 . 8 9  
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
• 03 DOM T 
s OH 01 EST R65 
01 EST RlOO 
01 LAK T 
02 EST R65 
02 EST RlOO 
02 LAK RI 
03 DOM RI 
04 EST R65 
04 EST RlOO 
05 EST RlOO 
07 RIV TB 
08 RIV TE 
s se 01 DOM RI 
03 EST RI 
03 DOM T 
05 EST T 
s SD 09 DOM T 
s TN 01 GU RI 
01 DOM T 
02 GU RI 
s TX 09 GU T 
s WI 09 LAK T 
18 LAK T 
Solution 
One Two Three Pour Five Six 
6 . 5 0  6 . 5 0  6 . 5 0  6 . 5 0  6 . 5 0  6 . 5 0  
6.96 
9 . 8 2  
0 . 7 3  
1 0 . 0 7  
6 . 2 1  
0 . 2 3  
2 . 4 4  
4 . 7 8  
0 . 7 8  
3 7 . 1 7  
1 7 . 5 0  
8 . 0 3  
6 . 9 6  
1 0 . 5 5  
i o ! o 7  
6 . 2 1  
0 . 2 3  
2 . 4 4  
' 5 . ' 5 6  
3 7 . 1 7  
1 7 . 5 0  
8 . 0 3  
6 . 9 6  
1 0 . 5 5  
i o i s i  
5 . 7 7  
0 . 2 3  
2.44 
5 . 5 6  
3 7 . 1 7  
1 7 . 5 0  
8 . 0 3  
6 . 9 6  
1 0 . 5 5  
i o ! 5 i  
5 . 7 7  
0 . 2 3  
2 . 4 4  
5 . 5 6  
3 7 . 1 7 '  
1 7 . 5 0  
8 . 0 3  
6 , 9 6  
1 1 . 8 3  
i o ! o 7  
6 . 2 1  
0 . 2 3  
2.44 
5 . 5 6  
3 7 . 1 7  
1 7 . 5 0  
8 . 0 3  
6 . 9 6  
1 0 . 5 5  
i l i s i  
4 . 9 7  
0 . 2 3  
2.44 
'5.5s 
3 7 . 1 7  
1 7 . 5 0  
8 . 0 3  
2 . 2 2  
5 . 5 9  
2 . 9 4  
5 . 9 1  
2 . 2 2  
6 . 0 2  
2 . 5 1  
5 . 9 1  
2 . 2 2  
6 . 0 2  
2 . 5 1  
5 . 9 1  
2.22 
6.02 
2 . 5 1  
5 . 9 1  
2 . 2 2  
6 . 0 2  
2 . 5 1  
5 . 9 1  
2 . 2 2  
6 . 0 2  
2 . 5 1  
5 . 9 1  
1 3 . 9 2  1 3 . 9 2  1 3 . 9 2  1 3 . 9 2  1 3 . 9 2  1 3 . 9 2  
2 7 . 2 7  
2 0 . 1 2  
1 4 . 0 2  
2 7 . 7 9  
1 9 . 6 1  
1 4 . 0 2  
2 7 . 7 9  
1 9 . 6 1  
1 4 . 0 2  
2 7 . 7 9  
1 9 . 6 1  
1 4 . 0 2  
2 7 . 7 9  
1 9 . 6 1  
1 4 . 0 2  
2 7 . 2 7  
2 0 . 1 2  
1 4 . 0 2  
9 . 9 8  9 . 9 8  9 . 9 8  9 . 9 8  9 . 9 8  9 . 9 8  
4 . 0 4  
1 . 6 6  
4 . 0 4  
1 . 6 6  
4 . 0 4  
1 . 6 6  
4 . 0 4  
1 . 6 6  
4 . 0 4  
1 , 6 6  
4 . 0 4  
1 . 6 6  
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
28 LAK T 
c* AL 07 GU T 
C CO 02 DOM R1 
c FL 01 GU R1 
03 DOM HI 
c GA 07 GU R1 
07 DOM R1 
08 DOM HI 
08 DOM HI 
08 DOM T 
c IL 01 DOM T 
01 DOM T 
01 RIV TB 
03 LAK T 
03 RIV TB 
03 DOM T 
04 RIV TB 
04 RIV TB 
04 DOM HI 
05 DOM T 
05 DOM T 
05 GU R125 
05 RIV TB 
05 DOM HI 
*Corn. 
Solution 
One Two Three Four Five Six 
1.66 1.66 1.66 1.66 1.66 1.66 
5.93 5.93 5.93 5.93 5.93 5.93 
46.15 46.15 46.15 46.15 46.15 46.15 
1.84 1.84 1.84 1.84 1.84 1.84 
4.65 4.65 4.65 4.65 4.65 4.65 
5.96 5.96 5.96 5.96 5.96 5.96 
26.50 26.50 26.50 26.50 26.50 26.50 
0.72 0.72 0.72 0.72 0.72 0.72 
2.71 2.71 2.71 2.71 2.71 2,71 
7.40 7.40 7.40 7.40 7.40 7.40 
15.35 11.73 15.35 15.35 15.35 27.75 
28.42 32.04 28.42 28.42 28.42 16.02 
128.13 128.13 128.13 128.13 128.13 128.13 
7.71 5.72 14.52 • • • 25.03 
71.59 71.59 71.59 71.59 71.59 71.59 
66.43 58.71 60.70 51.90 66.42 41.39 
44.07 44.07 44.07 44.07 44.07 44.07 
27.46 27.46 27.46 27.46 27.46 27.46 
0.71 0.71 0.71 0.71 0.71 0.71 
56.47 56,47 56.47 56.47 56.47 56.47 
12.40 16.02 12.40 12.40 12.40 
27.55 44.08 44.08 44.08 27.55 22.04 
112.72 92.56 96.19 96.19 112,72 130.63 
0.00 0.00 0.00 0,00 0.00 0,00 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
06 DOM R1 
06 DOM R1 
06 DOM T 
06 EST RlOO 
06 GU R125 
06 LAK T 
06 RIV TB 
06 DOM R1 
06 DOM T 
07 RIV TB 
07 RIV TB 
4o RIV TB 
60 DOM R1 
60 DOM R1 
60 DOM R1 
6o GU R125 
6o RIV TB 
60 DOM R1 
6o DOM R1 
60 DOM R1 
01 EST R6!3 
01 EST RlOO 
01 DOM R1 
01 DOM T 
02 EST RlOO 
02 LAK T 
02 DOM R1 
03 EST RlOO 
03 DOM R1 
04 DOM R1 
Solution 
One Two Three Four Five Six 
1 . 2 9  1 . 2 9  .  .  .  .  .  .  
1.99 •  t  •  0 . 7 0  0.70 
13.21 13.24 13.24 13.24 13.24 13.24 
8 . 8 4  1 1 . 0 5  1 1 . 0 5  1 1 . 0 5  8.84 8.84 
8 5 . 6 1  8 5 . 6 1  8 5 . 6 1  8 5 . 6 1  8 5 . 6 1  8 5 . 6 1  
54.20 8 1 . 3 2  8 1 . 3 2  8 1 . 3 2  8 2 . 5 5  83.53 
23.76 •  •  f  •  •  •  
1.99 •  •  •  •  .  •  1.99 1.99 
5.58 •  t  •  f  •  •  •  •  •  0 . 9 8  «  •  •  
25.93 25.93 25.93 25.93 25.93 25.93 
2 7 . 0 0  2 7 . 0 0  2 7 . 0 0  2 7 . 0 0  2 7 . 0 0  2 7 . 0 0  
94.54 94.54 94.54 94.54 94.54 94.54 
1 0 . 8 5  12.37 14.35 14.35 14.51 1 6 . 8 7  
1 0 . 9 3  1 0 . 9 3  9 . 6 5  9 . 6 5  10.93 1 0 . 9 3  
6 . 3 0  8 , 2 9  7 . 5 9  7.59 8 . 2 9  8 . 2 9  
1 9 . 6 8  19.68 1 9 . 6 8  1 9 . 6 8  19.68 19.68 
17.58 17.58 1 7 . 5 8  17.58 17.58 17.58 
2 9 . 6 0  22.21 22.21 22.21 2 9 . 6 0  2 9 . 6 0  
10.11 10.11 10.11 10.11 10.11 10.11 
41.44 4 5 . 3 2  45.32 4 5 . 3 2  35.78 33.43 
3 2 . 1 8  2 3 . 5 8  23.58 2 3 . 5 8  14.07 2 3 . 5 8  
7 8 . 9 0  8 1 . 0 0  81.00 8 1 . 0 0  97.00 81.00 
0.01 0.01 0.01 0.01 0.01 0.01 
9.47 15.98 15.98 15.98 9.47 1 5 . 9 8  
45.79 45.79 45.79 45.79 45.79 4 5.79 
•  «  •  •  »  •  »  •  •  •  •  •  10.10 
14.02 14. 0 2  14,02 14.02 14.02 3 . 9 3  
3 1 . 5 0  31.50 31.50 31.50 31.50 3 1 . 5 0  
13.41 13.41 13.41 13.41 13.41 13.41 
6 2 . 6 2  58.04 5 8.04 58.04 59.51 5 6 . 6 1  
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
04 EST RlOO 
05 EST R65 
05 EST RlOO 
06 EST RlOO 
06 DOM R1 
06 DOM Rl 
07 EST R65 
07 RIV TB 
08 DOM Rl 
08 RIV TB 
08 DOM Rl 
01 DOM R25 
01 DOM R50 
01 DOM R50 
01 GU R50 
01 GU R75 
01 GU Rl 
01 NW R25 
01 NW R50 
01 NW R75 
01 RIV RE 
01 RIV RB 
01 DOM R50 
01 DOM Rl 
01 DOM Rl 
02 DOM T 
02 DOM R25 
02 DOM R50 
02 DOM .R50 
Solution 
One Two Three Four Five Six 
. . . 4.58 4.58 4.58 3.11 6.02 
5.28 7.11 7.11 7.11 5.28 7.11 
117.02 116.02 116.02 116.02 117.85 1 1 6 . 0 2  
8.86 2.17 2.17 2 . 1 7  3.64 3.64 
22.59 29.28 29.28 2 9 . 2 8  2 8 . 1 1  2 7 . 8 1  
7.66 7 . 6 6  7.66 7.66 7 . 6 6  7.66 
• • • 1.52 1.52 1 . 5 2  
60.25 58.73 58.73 58.73 6 0 . 2 5  6 0 . 2 5  
3.61 1.62 1.62 
41.48 30.47 32.46 32.46 41.48 41.48 
• * • 
7.39 7.39 7.39 ' • • . . . 
3.39 3.39 1 2 . 6 5  1 2 . 6 5  
6.*14 6.14 6.14 6.14 6.14 6.'14 
22.11 16.88 16.58 7.78 0.94 • » • 
1.20 1.20 1.20 1.20 
43.57 42.80 43.10 4 3 . 1 0  60.91 43.57 
42.83 42.83 42.83 31.24 • • • 
2.01 2.01 2.01 2.01 2.01 2 . 0 1  
5.38 5.38 5.38 5 . 3 8  5.38 5 . 3 8  
• • 3 . 7 6  
42.83 • • t • • 
20.73 17.34 17.34 8 . 0 8  8 . 0 8  2 0 . 7 3  
4.79 4.79 1 3 . 5 9  2 . 6 1  2 2 . 1 1  
• • • • f • • » 2 . 0 5  2 7 . 1 8  
• • • • • • 9.53 1 1 . 8 9  
3.62 3 . 6 2  3.62 3 . 6 2  
1.81 4.02 4.32 4 . 3 2  6.59 5.64 
2.04 • • • « t » • • • 2 . 0 5  8 . 2 9  
• • # • » 12.40 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination 
02 DOM R50 
02 GU R25 
02 GU R50 
02 GU R75 
02 RIV RB 
02 RIV TB 
02 RIV RB 
03 GU R50 
03 RIV TB 
04 DOM R25 
04 GU R25 
04 GU R50 
04 GU R75 
04 GU R1 
04 NW R25 
04 NW R50 
04 NW R75 
04 RIV RB 
04 RIV TB 
04 RIV TB 
04 DOM R1 
04 DOM R1 
04 DOM R1 
05 DOM R50 
05 DOM T 
05 DOM R25 
05 DOM R50 
05 DOM R50 
05 GU R25 
05 GU R50 
05 GU R75 
Solution 
One Two Three Pour Five Six 
2.76 
1.60 
9.94 
6 3 . 8 6  
17.48 
2 3 . 6 6  
58.87 
146!6C) 
4.13 
2.91 
3.84 
18.13 
3.84 
16.54 
28.24 
1.07 
6.45 
19.47 
12.70 
3.89 
8.51 
51.05 
1.13 
6.77 
4.07 
5^23 
37.34 
'i!6Ô 
13.64 
63.86 
17.48 
23.66 
57.76 
146!6Ô 
i o!l3 
3.83 
18.13 
14.43 
0.83 
3.84 
12.08 
9.39 
1.07 
27.18 
20.31 
"9! 26 
47.43 
4.15 
8.81 
8173 
52.50 
1.60 
26.82 
63.86 
12.63 
19.74 
49.43 
146.60 
i o!l2 
3.84 
18.13 
17.77 
0.83 
3.84 
9.46 
8 . 6 8  
1.07 
27.18 
20.31 
9 . 2 6  
47.43 
4.15 
8.81 
'i'.65 
8.73 
52,50 
2.35 
2 6 . 8 2  
63.86 
12.63 
18.99 
49.43 
0.95 
146.60 
i o!l2 
3.84 
18.13 
23.58 
0.83 
3.84 
3 . 6 6  
8 . 6 8  
1.07 
27!I8 
20.31 
47.43 
4.15 
17.62 
1.65 
9.19 
52.50 
1.60 
22.15 
59.26 
13.57 
20.04 
53.15 
146.60 
'3'.32 
3.84 
18.13 
' 0.' 83 
3.84 
16.01 
27.91 
1.07 
25.12 
21.14 
47.43 
1.88 
22.40 
6.67 
35.72 
1.60 
10.61 
63.86 
5.33 
20.04 
50.64 
146.60 
3.55 
'3^83 
18.13 
'O.'83 
3.84 
16.01 
29.58 
1.07 
44.38 
'9aô 
47.43 
2.84 
17.11 
1.91 
29.95 
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
05 RIV RB 
06 DOM T 
06 DOM T 
06 RIV TB 
07 DOM R1 
07 DOM R1 
07 RIV TB 
07 DOM R1 
08 DOM R1 
08 RIV TB 
09 DOM T 
09 RIV TB 
01 DOM R1 
01 DOM T 
01 DOM T 
01 DOM R1 
07 DOM T 
07 DOM T 
07 DOM T 
07 DOM T 
07 DOM R1 
08 DOM T 
08 DOM T 
01 DOM R1 
01 DOM T 
02 DOM R1 
02 DOM R1 
02 DOM R1 
02 DOM T 
One Two Three Pour Five Six 
51. . 6 7  34.89 
34, , 6 0  3 8 . 2 2  
6 .  ,  6 6  3.04 
91. 8 5  91.85 
7 . 6 1  
28. 41 28.41 
1. 0 7  1 . 0 7  
40. 0 6  32.45 
13. 88 1 3 . 8 8  
8. 15 8 . 1 5  
18. 0 5  24. 8 9  
5 8 .  65 5 1 . 8 1  
17. 42 17.42 
ij. 0 2  4.02 
2 .  42 2.42 
'5! 58 ' 5 . '58 
7. 17 7.17 
2 .  6 1  2 . 6 1  
7. 43 7.43 
2 8 .  84 28.84 
1. 59 1.59 
5. 64 5.64 
0. 57 0.57 
19. 72 19.72 
33. 77 2 6 . 0 7  
5. 53 5.53 
7. 43 15.14 
5. 12 5.12 
33 .24 33.24 
34 . 6 0  34.60 
6 .66 6.66 
91 . 8 5  91.85 
7 .61 7 . 6 1  
28 .41 28.41 
1 . 0 7  1 . 0 7  
32 .45 32.45 
13 .88 1 3 . 8 8  
8 . 1 5  8.15 
24 . 8 9  24. 8 9  
51 . 8 1  51.81 
17 .42 17.42 
4 .02 4.02 
2 .42 2.42 
' 5  i58 'SuSB 
7 . 1 7  7.17 
2 . 6 1  2 . 6 1  
7 .43 7.43 
2 8  .84 28.84 
1 .59 1.59 
5 .64 5.64 
0 .57 0.57 
19 .72 1 9 . 7 2  
2 6 ,  . 0 7  2 6 . 0 7  
5 .53 5.53 
1 5 .  ,14 15.14 
5, ,12 5.12 
5 1 .  , 6 7  57.43 
34, , 6 0  34 . 6 0  
6 .  ,  6 6  6. 6 6  
91. . 8 5  91.85 
8. ,44 31.67 
28. ,41 28.41 
1. 07 1 . 0 7  
31. 6 2  8 . 3 8  
1 3 .  8 8  1 3 . 8 8  
8. 15 8 . 1 5  
24. 89 24. 8 9  
51. 8 1  5 1 . 8 1  
17. 42 8 . 0 3  
4. 02 4.02 
2 .  42 2.42 
9.39 
5. 5 8  5.58 
7. 17 7.17 
2 .  6 1  2 . 6 1  
7. 43 7.43 
28. 84 28.84 
1. 59 1.59 
5. 64 5.64 
0. 57 0.57 
1 9 .  72 19.72 
26. 0 7  2 6 . 0 7  
5. 53 5.53 
15. 14 15.14 
5. 12 5 . 1 2  
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
0 3  DOM R1 
03 DOM R1 
03 DOM HI 
04 DOM l\l 
0 6  EST RlOO 
07 LAK Ï 
0 7  LAK T 
0 8  EST RlOO 
0 8  LAK T 
0 8  LAK T 
0 9  LAK T 
05 NW R54^ 
0 5  LAK R1 
05 RIV TB 
0 5  DOM T 
0 5  DOM T 
0 6  LAK Ï 
0 6  RIV TB 
0 7  GU R75 
0 7  DOM T 
07 DOM T 
0 8  GU R50 
0 8  GU R75 
0 8  LAK R1 
0 8  RIV TB 
0 9  RIV TB 
^Rail—54 cars. 
Solution 
One Two Three Pour Five Six 
8.14 7.59 7.59 7.59 7.59 8.14 
7.71 • • • f • • • • • * t • • • • 
2.57 1 0 . 8 3  1 0 . 8 3  1 0 . 8 3  1 0 . 8 3  1 0 . 2 8  
0.97 0.97 0.97 0.97 0.97 0 . 9 7  
3 8 . 6 6  3 8 . 6 6  3 8 . 6 6  3 8 . 6 6  3 8 . 6 6  3 8 . 6 6  
1 6 . 4 5  16.45 1 6 . 4 5  1 6 . 4 5  1 6.45 1 6 . 4 5  
1 2 . 9 2  12.92 1 2 . 9 2  1 2 . 9 2  1 2 . 9 2  1 2 . 9 2  
1 1 . 9 8  11.98 1 1 . 9 8  1 1 . 9 8  1 1 . 9 8  1 1 . 9 8  
2 3 . 9 2  23.92 23.92 2 3 . 9 2  2 3 . 9 2  23.92 
1 7 . 2 7  17.27 17.27 17.27 1 7 . 2 7  17.27 
2 5 . 0 5  25.05 2 5 . 0 5  2 5 . 0 5  2 5 . 0 5  25.05 
2 . 6 9  2 . 6 9  2 . 6 9  2 . 6 9  2 . 6 9  2 . 6 9  
• • • • • • 0 . 7 0  0 . 7 0  0 . 7 0  0 . 7 0  
1 0 . 8 1  1 0 . 8 1  • • • • • • • • • 
5.51 5.51 5.51 5.51 5.51 5.51 
3 . 0 1  3.01 1 3 . 1 2  1 3 . 0 2  1 3 . 1 2  1 3 . 1 2  
• . • • 2 . 5 2  2 . 5 2  2 . 5 2  2 . 5 2  
2 . 5 2  2 . 5 2  « « • • • « # • • • • • 
0.77 0.77 0.77 0.77 0.77 0.77 
17.17 1 7 . 1 7  17.17 17.17 17.17 17.17 
0.99 0.99 0.99 0.99 0.99 0.99 
1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  . » , 
34.72 34.72 34.72 34.72 1 3 . 0 2  3 4 . 7 2  
3 6 . 8 5  74.19 74.19 74.19 95.89 8 5 . 2 8  
37.34 • • • • # # • • • • • . • • • 
63.75 63.75 63.75 63.75 63.75 63.75 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
01 RIV TB 
03 RIV TB 
11 DOM T 
21 DOM T 
01 DOM R1 
01 DOM T 
02 DOM R1 
02 NW R25 
02 NW R50 
02 DOM T 
02 DOM T 
03 DOM R1 
03 GU R50 
03 GU R1 
03 NW R25 
03 NW R75 
03 DOM T 
05  DOM R1 
05 NW R25 
05 NW R50 
05 NW R75 
05 DOM T 
05 DOM T 
06 DOM R1 
06 DOM R1 
06 NW R25 
06 NW R50 
06 NW R75 
07 DOM R1 
08 DOM R1 
Solution 
One Two Three Pour Five Six 
0 . 0 1  0 . 0 1  0 . 0 1  0 . 0 1  0 . 0 1  0 . 0 1  
5.85 5.85 5.85 5.85 5.85 5.85 
5.64 5.64 5.64 5.64 5.64 5.64 
5.64 5.64 5.64 5.64 5.64 5.64 
5.95 5.95 5.95 5.95 5.95 5.95 
1.98 1 . 9 8  1 . 9 8  1 . 9 8  1 . 9 8  1 . 9 8  
39.54 39.54 39.54 39.54 3 8 . 7 0  3 8 . 7 0  
2.84 2.84 2.84 2,84 2.84 2.84 
0.84 0.84 
7.48 7.48 7.48 7.48 7.48 7.48 
7 . 8 2  7.82 7 . 8 2  7 . 8 2  7 . 8 2  7 . 8 2  
7.61 
3.76 0,94 0.94 0.94 0.94 0.94 
1 8 . 0 0  29.44 39.55 39.55 39.55 43.31 
1 . 6 8  0 . 6 7  0 . 6 7  0 . 6 7  0 . 6 7  0 . 6 7  
20.29 2 0 . 2 9  2 0 . 2 9  2 0 . 2 9  2 0 . 2 9  1 6 . 5 3  
1 0 . 1 1  1 0 . 1 1  
64.79 64.79 64.79 64.79 64.79 64.79 
11.14 11.14 11.14 11.14 11.14 11.14 
13.12 1 3 . 1 2  13.12 13.12 1 3 . 1 2  1 3 . 1 2  
15.14 15.14 15.14 15.14 15.14 15.14 
1.34 1.34 1.34 1.34 1.34 1.34 
1 . 7 8  1 . 7 8  1 . 7 8  1 . 7 8  1 . 7 8  1 . 7 8  
3 . 2 0  3 . 2 0  3 . 2 0  3.20 2.37 7.28 
3 6 . 9 1  3 6 . 9 1  3 6 . 9 1  36.91 37.75 47.14 
1 9 . 0 8  1 9 . 0 8  1 9 . 0 8  1 9 . 0 8  1 9 . 0 8  4.77 
3 7 . 8 1  37.81 3 7 . 8 1  37.81 37.81 37.81 
2 1 . 3 1  2 1 . 3 1  2 1 . 3 1  2 1 , 3 1  2 1 . 3 1  2 1 . 3 1  
7 8 . 9 6  7 8 . 9 6  7 8 . 9 6  7 8 . 9 6  78.96 7 8 . 9 6  
2 8 . 1 5  2 8 . 1 5  2 8 . 1 5  2 8 . 1 5  2 8 . 1 5  • 
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
0 8  GU R1 
0 8  NW R25 
0 8  NW R50 
0 8  NW R75 
0 8  DOM T 
0 8  DOM T 
0 8  DOM T 
0 8  DOM R1 
09 DOM R1 
09 DOM T 
09 DOM T 
03 EST T 
0 3  DOM T 
0 6  EST T 
0 6  DOM R1 
0 6  DOM R1 
0 9  DOM R1 
09 DOM R1 
09 DOM R1 
01 EST R 6 5  
01 EST RlOO 
01 LAK T 
01 DOM R1 
02 EST R 6 5  
02 EST RlOO 
02 DOM R1 
03 DOM R1 
04 EST R 6 5  
Solution 
One Two Three Pour Five Six 
li^i 
2 6 . 6 4  
7.33 
5.36 
4.20 
4.25 
14.28 
28.32 
5.13 
4.25 
7.82 
2 2 . 2 8  
9.37 
1 . 7 8  
'5^52 
0.01 
1.20 
46.34 
1.21 
11.12 
3.37 
6.73 
39.20 
25.04 
'l!4i 
26.64 
7.33 
5.36 
4.20 
4.25 
14.28 
28.32 
5.13 
4.25 
7 . 8 2  
2 2 . 2 8  
8 . 9 0  
1 . 7 8  
0.47 
5.98 
0 . 0 1  
0.73 
2.49 
43,06 
1.99 
11.12 
2 . 0 2  
8 . 0 8  
39.20 
25.04 
2.49 
1.41 
26.64 
7.33 
5.36 
4.20 
4.25 
14.28 
2 8 . 3 2  
5.13 
4.25 
7.82 
2 2 . 2 8  
8 . 9 0  
1 . 7 8  
0.47 
5.98 
0.01 
0.73 
2.49 
43.06 
1.99 
11.12 
2 . 0 2  
8 . 0 8  
39.20 
25.04 
2.49 
1.41 
26.64 
7.33 
5 . 3 6  
4.20 
4 . 2 5  
14 .28 
2 8 . 3 2  
5.13 
4 . 2 5  
7 . 8 2  
2 2 . 2 8  
8 . 9 0  
1 . 7 8  
0 . 4 7  
5.98 
0 . 0 1  
0.73 
2 . 4 9  
4 3 . 0 6  
1.99 
11.12 
2 . 0 2  
8 . 0 8  
39.20 
25.04 
2 . 4 9  
1.41 
26.64 
7.33 
5.36 
4.20 
4.25 
14.28 
28.32 
5.13 
4 . 2 5  
7 . 8 2  
2 2 . 2 8  
8 . 9 0  
1 . 7 8  
0.47 
5.98 
0.01 
0.73 
1.36 
44.19 
1.99 
11 .12  
2 . 0 2  
8 . 0 8  
39.20 
25.04 
2.49 
37.54 
1.41 
26.64 
7.33 
5.36 
4.20 
4.25 
4.89 
28.32 
5.13 
4.25 
2 2 . 2 8  
8 . 9 0  
1 . 7 8  
0.47 
5.98 
0 . 0 1  
0.73 
2.49 
43.06 
1.99 
11.12 
49.29 
25.04 
2.49 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
04 EST RlOO 
04 DOM R1 
04 DOM R1 
05 EST RlOO 
05 DOM R1 
0 5  DOM R1 
0 6  EST RlOO 
0 6  DOM T 
07 DOM R1 
08 DOM R1 
08 DOM R1 
0 3  DOM R1 
03 DOM R1 
03 DOM R1 
05 EST T 
0 5  DOM R1 
09 DOM T 
0 9  DOM T 
01 DOM T 
01 DOM T 
01 DOM T 
01 DOM T 
01 DOM T 
11 DOM T 
0 6  EST T 
0 6  DOM T 
Solution 
One Two Three Four Five Six 
3.83 
42.51 
59.02 
12.47 
12.44 
10.34 
8.29 
7.42 
*4 !I3 
6 . 0 8  
0.92 
5.84 
4.00 
6 . 3 8  
19.70 
7 . 6 7  
7 . 1 2  
17.95 
3 8 . 0 6  
17.95 
8.54 
0 . 6 0  
33.49 
12.94 
30:92 
59.02 
5.31 
1 9 . 6 1  
10.34 
8 . 2 9  
7.42 
3 . 8 3  
0 . 3 0  
5 . 6 2  
0 . 9 2  
6 . 3 0  
4.00 
6 . 3 8  
19.70 
7 . 6 7  
7 . 1 2  
17.95 
3 8 . 0 6  
17.95 
8.54 
0 . 6 0  
33.49 
12.94 
30:92 
59.02 
5.31 
1 9 . 6 1  
10.34 
8 . 2 9  
7.42 
3 . 8 3  
0 . 3 0  
5 . 6 2  
0 . 9 2  
6 . 3 0  
4.00 
6 . 3 8  
9.59 
1 0 . 1 1  
7 . 6 7  
7 . 1 2  
1 7 . 9 5  
3 8 . 0 6  
17.95 
8.54 
0 . 6 0  
33.49 
1 2 . 9 4  
30:92 
59.02 
5.31 
1 9 . 6 1  
1 0 . 3 4  
8 . 2 9  
7.42 
3 . 8 3  
0 . 3 0  
5 . 6 2  
0 . 9 2  
6 . 3 0  
4.00 
6 . 3 8  
9.59 
10.11 
7 . 6 7  
7 . 1 2  
1 7 . 9 5  
3 8 . 0 6  
1 7 . 9 5  
8 . 5 4  
0 . 6 0  
3 3 . 4 9  
1 2 . 9 4  
3 0 : 9 2  
5 7 . 5 5  
6.48 
19.91 
10.34 
8 . 2 9  
7.42 
4 . 1 3  
5 . 6 2  
0 . 9 2  
6 . 3 0  
4.00 
6 . 3 8  
9.58 
10.11 
7 . 6 7  
7.12 
17.95 
3 8 . 0 6  
17.95 
8.54 
0 . 6 0  
33.49 
15.44 
28.42 
54.50 
6 . 7 8  
2 2 . 6 5  
10.34 
8 . 2 9  
7.42 
3.83 
0.30 
5 . 6 2  
0.92 
6.30 
4.00 
6.38 
9.59 
10.11 
7.67 
7 . 1 2  
17.95 
3 8 . 0 6  
17.95 
8.54 
0 . 6 0  
33.49 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
c WI 04 RIV TB 
05 LAK T 
07 LAK T 
0 8  GU R1 
0 8  LAK T 
09 LAK T 
AR 03 RIV TB 
0 6  RIV TB 
w  CA 0 0  WC&& T 
w  CO 0 2  WC R1 
w  ID 0 1  RIV TB 
07 NW R26 
0 8  NW R26 
0 8  NW R1 
09 NW R26 
09 RIV TB 
w  IL 07 GU R1 
07 RIV TB 
^Wheat. 
^^West coast for export. 
^^Rail—26 cars. 
Solution 
One Two Three Four Five Six 
21.41 21.41 21.41 21.41 21.41 21.41 
12.97 12.97 12.97 12.97 12.97 12.97 
1 3 . 8 6  1 3 . 8 6  1 3 . 8 6  1 3 . 8 6  1 3 . 8 6  1 3 . 8 6  
0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
4 7 . 9 4  4 7 . 9 4  4 7 . 9 4  4 7 . 9 4  4 7 . 9 4  4 7 . 9 4  
3 8 . 2 8  3 8 . 2 8  3 8 . 2 8  3 8 . 2 8  3 8 . 2 8  3 8 . 2 8  
1 3 . 2 0  1 3 . 2 0  1 3 . 2 0  1 3 . 2 0  1 3 . 2 0  1 3 . 2 0  
8 . 3 1  8 . 3 1  8 . 3 1  8 . 3 1  8.31 8 . 3 1  
37.43 37.43 37.43 37.43 37.43 37.43 ^ 
VJl 
42.83 42.83 42.83 42.83 42.83 42.83 
1 2 . 2 6  1 2 . 2 6  1 2 . 2 6  1 2 . 2 6  1 2 . 2 6  1 2 . 2 6  
10.92 10.92 10.92 10.92 10.92 10.92 
1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  1 1 . 0 8  
9.72 9.72 9.72 9.72 9.72 9.72 
1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  1 6 . 8 1  
2.15 2.15 2.15 2.15 2.15 2.15 
1.57 1.57 1.57 1.57 1.57 1.57 . 
4.87 4.87 4.87 4.87 4.87 4.87 
Table Bl. (Continued) 
Origin 
Crop State CRD Destination Mode 
07 RIV TB 
07 RIV TB 
40 RIV TB 
40 RIV TB 
60 LAK R1 
60 RIV TB 
60 RIV TB 
01 EST R65 
01 EST RlOO 
02 EST RlOO 
03 EST RlOO 
04 EST RlOO 
05 EST R65 
05 EST RlOO 
06 EST RlOO 
06 EST R1 
07 EST R65 
01 DOM T 
01 GU R1 
01 RIV TB 
02 DOM T 
02 GU R1 
02 RIV TB 
03 DOM T 
04 GU R1 
05 GU R1 
05 NW R75 
06 DOM T 
07 GU R1 
08 GU R1 
Solution 
One Two Three Four Five Six 
8.48 8.48 8.48 8.48 8.48 8.48 
0.79 0.79 0.79 0.79 0.79 0.79 
1.68 1.68 1.68 1.68 1.68 1.68 
0.87 0.87 0 . 8 7  0 . 8 7  0 . 8 7  0 . 8 7  
0.09 0.09 0 . 0 9  0 . 0 9  0 . 0 9  0 . 0 9  
5.74 5.74 5.74 5.74 5.47 5.74 
2.74 2.74 2.74 2.74 2.74 2.74 
2.40 2.40 2.40 2.40 
"2!4Ô •  •  #  2.40 . . . 
3.40 3.40 3.40 3.40 3.40 3.40 
3 . 8 8  3 . 8 8  3 . 8 8  3 . 8 8  3 . 8 8  3 . 8 8  
3.05 3.05 3.05 3.05 3 . 0 6  3.05 
1.71 •  #  •  •  t  •  1 . 7 1  
1.40 3.11 3.11 3.11 1.40 3.11 
2.38 2.38 2 . 3 8  2 . 3 8  2 . 3 8  2 . 3 8  
1.59 1.59 1.59 1.59 1.59 1.59 
0.46 0.46 0.46 0.46 0.46 0.46 
5.71 5.71 5.71 5.71 5.71 14.48 
25.28 2 5 . 2 8  2 5 . 2 8  25.28 ( • t 
34'.42 9.14 9.14 9.14 9.14 2 5 . 6 5  
30.22 30.23 3 0 . 2 3  3 0 . 2 3  3 0 . 2 2  21.46 
16.28 16.28 1 6 . 2 8  1 6 . 2 8  1 6 . 2 7  1 6 . 2 8  
. . . •  •  •  •  •  •  8.77 
10.62 10.62 1 0 . 6 2  10.62 10.62 10.62 
36.76 36.76 3 6 . 7 6  3 6 . 7 6  36.76 3 6 . 7 6  
32.33 32.33 32.33 3 2 . 3 3  32.33 32.33 
13.93 13.93 13.93 13.93 13.93 13.93 
10.02 10.02 10.02 10.02 10.02 10.02 
33.20 33.20 33.20 33.20 33.20 33.20 
45.91 45.91 45.91 45.91 45.91 45.91 
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
08 NW R75 
09 GU R1 
09 RIV TB 
0 6  EST RlOO 
09 EST R1 
09 LAK T 
01 LAK R26 
01 LAK R1 
01 LAK T 
Ok LAK T 
04 RIV RB 
04 DOM T 
05 LAK R 5 2 °  
05 LAK T 
05 DOM T 
07 GU R25 
07 GU R75 
07 DOM R1 
01 DOM T 
01 RIV TB 
02 RIV TB 
03 RIV TB 
04 RIV TB 
05 RIV TB 
06 RIV TB 
09 RIV TB 
^^Rail—52 cars. 
Solution 
One Two Three Pour Five Six 
4.51 4.51 4.51 4.51 4.51 4.51 
0.86 
0.86 0.86 0.86 
• 
0.86 0.86 
4.58 4 . 5 8  4 . 5 8  4.58 4 . 5 8  4 . 5 8  
1.38 1 . 3 8  1.38 1 . 3 8  1 . 3 8  1 . 3 8  
2.81 2.81 2 . 8 1  2 . 8 1  2 . 8 1  2.81 
15.98 13.98 13.98 13.98 13.98 13.98 
22.10 
2 1 . 0 7  45.17 45.17 45.17 45.17 45.17 
1 8 . 8 1  1 8 . 8 1  1 8 . 8 1  1 8 . 8 1  1 8 . 8 1  1 8 . 8 1  
9.72 4 . 6 9  • • • 
0.86 5.89 1 0 . 5 8  1 0 . 5 8  1 0 . 5 8  1 0 . 5 8  
7.25 7.25 7.25 7.25 7.25 7.25 
0 . 8 1  0 . 8 1  0 . 8 1  0 . 8 1  0 . 8 1  
0 . 8 1  • • • 
0 . 2 7  0 . 2 7  0 . 2 7  • • • • • • 
0.71 0 . 7 1  0.71 0 . 2 7  • • • 
5.44 4.47 4.47 4.47 5.17 5.44 
1.35 1.35 1.35 1.35 1.35 1.35 
2 . 5 0  2 . 5 0  2 . 5 0  2 . 5 0  2 . 5 0  2 . 5 0  
5 . 1 0  5 . 1 0  5 . 1 0  5.10 5 . 1 0  5.10 
6 .  0 9  6 . 0 9  6 . 0 9  6 . 0 9  6 . 0 9  6 . 0 9  
9 .  41 9.41 9.41 9.41 9.41 9.41 
4 .22 4.22 4 . 22 4 .22 4. 22 4 .22 
5 . 8 0  5.80 5 . 8 0  5 . 8 0  5 . 8 0  5 . 8 0  
19.72 19.72 19.72 19.72 19.72 19.72 
Table Bl. (Continued) 
Origin 
Crop State CRI) 
W MT 02 
02 
03 
03 
05 
05 
09 
09 
W ME 01 
01 
01 
07 
07 
08 
08 
09 
09 
09 
W ND 01 
01 
01 
02 
02 
02 
03 
03 
03 
Destination Mode 
NW R26 
RIV TB 
NW R26 
NW R1 
NW R26 
RIV TB 
NW R26 
NW R1 
GU R50 
NW R50 
NW R1 
GU R50 
NW R1 
GU R50 
GU R75 
GU R25 
GU R50 
RIV TB 
NW R26 
NW R54 
LAK T 
NW R26 
LAK R1 
LAK T 
NW R26 
LAK R26 
LAK R1 
^^Rail—5'l cars. 
Solution 
One Two Three Pour Five Six 
55.04 
19.70 
6.40 
32.87 
4.95 
17.02 
3.15 
1.61 
8 . 2 2  
17.71 
3.56 
14.09 
3.45 
3.19 
7 [41 
6 . 0 0  
5 . 6 8  
3 . 6 8  
20.29 
8.52 
12.31 
'4!25 
20.77 
23.98 
55.04 
19.70 
6.40 
32.87 
4.95 
17.02 
3.15 
0 . 8 8  
2.49 
7.35 
17.69 
3.56 
14.09 
3.45 
3.19 
0.77 
7.41 
5.23 
5 . 6 8  
3 . 6 8  
20.29 
8.52 
12! 31 
4 . 2 5  
2 0 . 7 7  
2 3 . 9 8  
55.04 
19.70 
6.40 
3 2 . 8 7  
4.95 
1 7 . 0 2  
3.15 
4.22 
5.84 
4 . 0 6  
17.64 
3.56 
14.09 
3.45 
3.19 
0.77 
7.41 
5 . 2 3  
5 . 6 8  
3 . 6 8  
2 0 , 2 9  
8 , 5 2  
12] 31 
4 . 2 5  
2 0 . 7 7  
3 . 6 8  
55.04 
19.70 
6.40 
3 2 . 8 7  
4.95 
1 7 . 0 2  
3.15 
4.22 
5.84 
4 . 0 6  
17.64 
3.56 
14.09 
3.45 
3.19 
0.77 
7.41 
5 . 2 3  
5 . 6 8  
3 . 6 8  
2 0 . 2 9  
8 . 5 2  
12! 31 
4 . 2 5  
2 0 . 7 7  
2 3 . 9 8  
55.04 
19.70 
6.40 
3 2 . 8 7  
4.95 
1 7 . 0 2  
3.15 
4.22 
5.84 
4 . 0 6  
17.64 
3.56 
14.09 
3.45 
3.19 
0.77 
7.41 
5 . 2 3  
5 . 6 8  
3 . 6 8  
2 0 . 2 9  
8 . 5 2  
12! 31 
4 . 2 5  
2 0 . 7 7  
2 . 9 8  
55.04 
19.70 
6.40 
3 2 . 8 7  
4.95 
1 7 . 0 2  
3.15 
4.22 
5.84 
4 . 0 6  
17.64 
3.56 
14.09 
3.45 
3.19 
6 . 0 0  
5 . 6 8  
3 . 6 8  
2 0 . 2 9  
8 . 5 2  
12 [31 
4 . 2 5  
2 0 . 7 7  
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
03 LAK T 
04 NW R26 
04 LAK R26 
04 LAK R1 
05 NW R26 
05 LAK R1 
05 LAK T 
06 NW R26 
06 LAK R26 
06 LAK R1 
09 NW R26 
09 NW R52 
09 LAK R26 
09 LAK T 
09 DOM T 
01 EST R65 
01 EST RlOO 
01 EST R1 
0 2  EST R65 
0 2  EST RlOO 
0 2  EST R1 
04 EST RlOO 
05 EST RlOO 
07 RIV TB 
01 GU R1 
02 GU R1 
03 GU R1 
03 RIV TB 
04 GU R1 
05 GU R1 
One Two Three Pour Five Six 
. . . . 20.29 21.00 2 3 . 9 8  
0.71 0.71 0.71 0.71 0.71 0 . 7 1  
3.22 3.22 3.22 3.22 3.22 3 . 2 2  
31.71 30.83 27.49 27.49 27.49 2 7.49 
1.41 1,41 1.41 1.41 1.41 1.41 
22.39 22.39 22.39 2.10 22.39 14.48 
• , • • • • • e • 20.29 • • • 7.92 
7.09 7.09 7.09 7.09 7 . 0 9  7.09 
7.15 7.15 7.15 7,15 7 . 1 5  7.15 
26.73 26.73 26.73 26.73 2 6 . 7 3  26.73 
0.35 0.35 0.35 0.35 0.35 0.35 
0.88 0.88 0.88 0.88 0.88 0.88 
5.37 5.37 5.37 5.37 5.37 5.37 
26.59 26.59 26.59 26,59 2 6 . 5 9  26,59 
6.60 6,60 6,60 6,60 6, 6 0  6. 6 0  
2.32 . 2 . 3 2  . . . 
10.00 12.32 12.32 12)32 10.00 12)32 
0. 00 0. 00 0.00 0. 00 0.00 0.00 
3.82 5.08 4.64 4.64 5.08 3.82 
3.98 2.72 3.16 3.16 2 , 7 2  3.98 
0.08 0.08 0.08 0 . 0 8  0 . 0 8  0.08 
10.91 10.91 10.91 1 0 . 9 1  1 0 . 9 1  10.91 
7.63 7.63 7.63 7 . 6 3  7 . 6 3  7.63 
1.05 1.05 1.05 1 . 0 5  1 , 0 5  1 , 0 5  
19.19 19.19 19.19 19.19 1 9 . 1 9  19.19 
74.19 74.19 74.19 74.19 7 4 . 1 9  74.19 
# • » 4.36 # f • 
4 .36 4.36 4.36 4 , 3 6  4 . 3 6  
39.92 39.92 39.92 39.92 3 9 . 9 2  39.92 
10.66 27.34 27.34 27,34 2 7.34 10.66 
Table B1. (Continued) 
Origin 
Crop State CRD Destination Mode 
05 
07 
08 
W OR 01 
02 
03 
W SD 01 
01 
02 
03 
03 
05 
05 
05 
06 
W TX 01 
03 
W WA 02 
02 
02 
02 
03 
03 
05 
RIV TB 
GU R1 
GU R1 
NW T 
NW HI 
RIV TB 
LAK R1 
RIV RB 
DOM T 
LAK R26 
DOM T 
NW R26 
LAK T 
DOM HI 
NW RI52 
GU R1 
GU R1 
NW R1 
NW T 
RIV TB 
RIV TB 
NW HI 
RIV TB 
NW T 
Solution 
One Two Three Pour Five Six 
l6 • 68 16.68 
50.92 5O!92 50U92 5O!92 5O!92 50.92 
5.91 5.91 5.91 5.91 5.91 5.91 
13.22 13.22 13.22 13.22 13.22 13.22 
17.02 17.02 17.02 17.02 17.02 17.02 
14.51 14.51 14.51 14.51 14.51 14.51 
15.43 15.43 15.43 15.43 
i 5 ! 4 3  i 5 ! 4 3  • • • • # • 
11.51 11.51 11.51 11.51 11.51 11.51 
• • « 3.25 1.99 1.99 2.70 3.25 
12.04 8.79 10.05 10.05 9.34 8.79 
1.36 1.36 1.36 1.36 1.36 1.36 
• • » • • • 5.95 5.95 5.95 5.66 
5.95 5.95 •  f  *  •  •  .  • , • 0.29 
3.29 3.29 3.29 3 . 2 9  3.29 3 . 2 9  
66.05 66.05 66.05 66.05 66.05 66.05 
20.66 20.66 20.66 20.66 2 0 . 6 6  20.66 
1.35 7.91 7.91 7.91 7.91 7.91 
6.37 6.37 6 . 3 7  6.37 6.37 6.37 
6.56 • • • 
5.01 5.01 5.01 5.01 5.01 5.01 
2.14 2.14 2.14 2.14 
2.14 2.14 
17.27 17.27 17.27 17.27 17.27 17.27 
Table B1. (Continued) 
Origin Solution 
Crop State CRD Destination Mode One Two Three Four Five Six 
05 RIV TB 21.75 21.75 21.75 21.75 21.75 21.75 
05 RIV TB 24.94 24.94 24.94 24.94 24.94 24.94 
09 RIV TB 31.91 31.91 31.91 31.91 31.91 31.91 
09 RIV TB 11.21 11.21 11.21 11.21 11.21 11.21 
